It 



PTO/SB/05 (1/98) i 
Approved for use through^09/30/2000 T OMB0651-0032 —I- 



PleasetypeaplussignWinsidethisbox-*^ Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovislonal applications under 37 CFR 1.53(b)) 



Attorney Docket No. 4231US 



First Inventor or Application identifier 


Ronald Voqels 


Igewe delivery vectors provided with a tissue tropism for smooth muscle cells, 
Title |and/or endothelial cells 


Express Mail Label No. 


EL413914475US j 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents 



Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Application 0 
Washington. DC 20231 



DD 



3. [X 

4. Oath 



* Fee Transmittal Form (e.g., PTO/SB/17) 
(Submit an original, and a duplicate for fee proc essing) 

Specification [Total Pages\ ^ I 
(preferred arrangement set forth below) I — I 

-Descriptive title of the Invention P lus cover sheet 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of the Invention 

- Brief Summary of the Invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 
Drawing(s) (35 U.S.C 113) [Total Sheets 



Microfiche Computer Program (Appendix) .<*> ' ^ 

7. Nucleotide and/or Amino Acid Sequence Submission ^ 
(if applicable, all necessary) ^,^1 

a. | | Computer Readable Copy 

b. | | Paper Copy (identical to computer copy) 

c. | | Statement verifying identity of above copies 



24 



□ 



or Declaration [Total Pages 

a. | | Newly executed (original or copy) 

. I I Copy from a prior application (37 C.F.R. § 1.63(d)) 

D - (for continuation/divisional with Box 1 7 completed) 

[Note Box 5 below] 

□ OFI FTION OF INVENTOR(S) 
Signed statement attached deleting 
inventor(s) named in the prior application, 
see 37 C.F.R. §§ 1.63(d)(2) and 1.33(b). 
Incorporation By Reference (useable if Box 4b is checked) 
The entire disclosure of the prior application, from which a 
copy of the oath or declaration is supplied under Box 4b, is 
considered to be part of the disclosure of the accompanying 
application and is hereby incorporated by re ference therein 



ACCOMPANYING APPLICATION PARTS 



8, | | Assignment Papers (cover sheet & document(s)) 

a-!"! f C' F ; h R § 3J3 < b > Statement r— | 

I I (when there is an assignee) \ | rv 7 

1 0. | | English Translation Document (if applicable) 

I 1 Information Disclosure r~~~] Copies of IDS 

11 I x I Statement (IDS)/PTO-1449 I x I Citations 

I2. |x | Preliminary Amendment 

13 m Return Recei v x p ° stcard < mpep 5 ° 3 ) 

' I X l (Should be specifically itemized) 

□ * Small Entity . . statement fj| e d in prior application 
Statement(s) status tii| proper and desired 

(PTO/SB/09-12) 1 

15 I I Certified Copy of Priority Document(s) 
' I I (if foreign priority is claimed) 

16. | | Other: - 



* A new statement is required to be entitled to pay small entity fees, except 
where one has been filed in a prior application and is being relied upon 



17. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in a preliminary amendment: 

of prior application No 09/348, 354 



[ [ Continuation Q Divisional 
Prior application information ■ Examiner , 



Continuation-in-part (CIP) 



Group / Art Unit: 



18. CORRESPONDENCE ADDRESS 



I I Customer Number or Bar Code Label 



' or G3 Correspondence address below 



(Insert Customer No. or Attach bar code label here)^ 




Burden Hour Statement' This form is estimated to faEe 0 2 hours to complete. Time will vary depending upon theneeds of the individual case^ Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, 
Washington^ DC 2023 1 . DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commoner for Patents, 
Box Patent Application, Washington, DC 20231. 



PATENT 



JN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Vogels et al. 

Serial No.: to be assigned 

Filed: 19 November 1999 

For: GENE DELIVERY VECTORS 
PROVIDED WITH A TISSUE TROPISM 
FOR SMOOTH MUSCLE CELLS, AND/OR 
ENDOTHELIAL CELLS 

Examiner: to be assigned 

Group Art Unit: to be assigned 

Attorney Docket No.: 423 1US 



NOTICE OF EXPRESS MAILING 
Express Mail Mailing Label Number: EL413914 475US 
Date of Deposit with USPS: November 19, 1999 
Person making Deposit: Jared Turner 



Preliminary Amendment 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Before calculating the filing fees, please amend the referenced application as follows: 
IN THE SPECIFICATION: 



Page 1, line 3, please insert the following: 

"Cross-reference to related applications: This application is a continuation-in-part 
of pending United States patent application 09/348,354, filed on 7 July 1999." 



TN THE CLAIMS: 



1 . (Amended) A gene delivery vehicle [having been provided with] comprising 
at least a tissue tropism for cells selected from the group of smooth muscle cells, [and/or] endothelial 
cells , or smooth muscle cells and epothelial cells . 

2. (Amended) A gene delivery vehicle having been deprived of at least a tissue 
tropism for liver cells. 

Please cancel claim 3 without prejudice or disclaimer. 

4. (Amended) [A vehicle according to anyone of the claims l-3,]The gene 
delivery vehicle of claim 1 wherein said tissue tropism is being provided by a virus capsid. 

5. (Amended) [A vehicle according to] The gene delivery vehicle of claim 4, 
wherein said virus capsid comprises protein fragments from at least two different viruses. 

6. (Amended) [A vehicle according to] The gene delivery vehicle of claim 5, 
wherein at least one of said viruses is an adenovirus. 

7. (Amended) [A vehicle according to] The gene d elivery vehicle of claim 5 [or 
claim 6,] wherein at least one of said viruses is an adenovirus of subgroup B. 

8. (Amended) [A vehicle according to anyone of the claims 5-7,]The gene 
delivery vehicle of claim 5 wherein at least one of said protein fragments comprises a tissue tropism 
determining fragment of a fiber protein derived from a subgroup B adenovirus. 

9. (Amended) [A vehicle according to anyone of the]The gene delivery vehicle 
of claim 7 [or claim 8,] wherein said subgroup B adenovirus is adenovirus 16. 
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10. (Amended) [A vehicle according to claim 7-9 "[The gene delivery vehicle of 
claim 7 wherein protein fragments not derived from an adenovirus of subgroup B are derived from 
an adenovirus of subgroup C[, preferably of adenovirus 5]. 

11. (Amended) [A vehicle according to anyone of the claims l-10]The gene 
delivery vehicle of claim 1 further comprising a nucleic acid derived from an adenovirus. 

12. (Amended) [A vehicle according to anyone of the claims 1-llJThe gene 
delivery vehicle of claim further comprising a nucleic acid derived from at least two different 
adenoviruses. 

1 3 . (Amended) [A vehicle according to claim 1 1 or claim 1 2,]The gene delivery 
vehicle of claim 1 1 wherein said nucleic acid comprises at least one sequence encoding a fiber protein 
comprising at least a tissue tropism determining fragment of a subgroup B adenovirus fiber protein[, 
preferably of adenovirus 16]. 

14. (Amended) [A vehicle according anyone of the claims 10-13,]The gene 
delivery vehicle of claim 11 wherein said [adenovirus] nucleic acid derived from adenovirus is 
modified such that the capacity of said adenovirus nucleic acid to replicate in a target cell has been 
reduced or disabled. 

1 5 . (Amended) [A vehicle according to anyone of the claims 1 1 -14,]The gene 
delivery vehicle of claim 1 1 wherein said [adenovirus] nucleic acid derived from an adenovirus is 
modified such that [the capacity of] a host immune [system] system's capacity to mount an immune 
response against [adenovirus] adenoviral proteins encoded by [said adenovirus]adenoviral nucleic acid 
has been reduced or disabled. 

16. (Amended) [A] The gene delivery vehicle [according to anyone of the claims 
1-15 ] of claim 1 further comprising a minimal adenovirus vector or an Ad/AAV chimaeric vector. 
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17. (Amended) [A vehicle according to anyone of the claims l-16,]The gene 
delivery vehicle of claim 1 further comprising at least one [non-adenovirus]non-adenoviral nucleic 
acid. 

18. (Amended) [A vehicle according to] The gene delivery vehicle of claim 17 
wherein at least one of said [non-adenovims]non z adenowal nucleic acids is a gene selected from the 
group of genes encoding a protein selected from the g roup consisting of: an apolipoprotein, a nitric 
oxide synthase, a herpes simplex virus thymidine kinase, an interleukin-3 , an interleukin- 1 a, an (anti) 
angiogenesis protein [such as angiostatin], an anti-proliferation protein, a smooth muscle cell anti- 
migration protein, a vascular endothelial growth factor (VGEF), a basic fibroblast growth factor, a 
hypoxia inducible factor la (HIF-la) [or]and a PAI-1. 

1 9. (Amended) A cell for [the production of I producing a gene delivery vector 
[according to anyone of the claims 1 -1 R paying a tissue tronism for cells selected from the group of 
cells consisting of smooth muscle cells, endothelial cells , or smooth muscle ceUs and epothelial cells, 
said cell comprising means for the assembly of [said]gene delivery vectors wherein said means 
includes a means for the production of an [adenovirusjadenoviral fiber protein, wherein said 
adenoviral fiber protein comprises at least a tissue tropism determining fragment of a subgroup B 
[adenovirus] adenoviral fiber protein. 

20. (Amended) [A cell according tol The cell of claim 19, wherein said cell is or 
is derived from a PER.C6 cell (ECACC deposit number 96022940). 

2 1 . (Amended) [The use of a] A pharmaceutical comp osition comprising the gene 
delivery vehicle [according to anyone of the claims 1-18 as a pharmaceutical] of claim 1 together with 
a suitable vehicle . 

Please cancel claims 22 and 23 without prejudice or disclaimer. 
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24. (Amended) An adenovirus capsid [with or provided with]haying a tissue 
tropism for smooth muscle cells and/or endothelial cells wherein said capsid [preferably] comprises 
proteins from at least two different adenoviruses and wherein at least a tissue tropism determining 
fragment of a fiber protein is derived from a subgroup B adenovirus[, preferably of adenovirus 16]. 

25. (Amended) An adenovirus capsid [having been deprived ofjlacking a tissue 
tropism for liver cells wherein said adenovirus capsid [preferably] comprises proteins from at least 
two different adenoviruses and wherein at least a tissue tropism determining fragment of a fiber 
protein is derived from a subgroup B adenovirus[, preferably of adenovirus 16]. 

26. (Amended) [The use of] A method of delivering nucleic acid to cells selected 
from the group of cells consisting of smooth muscle cells, endothelial cells and both s mooth muscle 
and endothelial cells, said method comprising: 

administering to said cells an adenovirus capsid [according to claim 24 and/or claim 25, for the 
delivery of nucleic acid to smooth muscle cells and/or endothelial cells] comprises proteins from at 
least two different adenoviruses and wherein at least a ti ssue tropism determining fragment of a fiber 
protein is derived from a subgroup B adenovirus . 

Please cancel claim 27 without prejudice or disclaimer. 

29. (Amended) Construct pBr/AdBamRfib 1 6, comprising adenovirus 5 sequences 
21562-31094 and 32794-35938, and further comprising an adenovirus 16 gene encoding fiber 
protein. 

30. (Amended) Construct pBr/AdBamR.pac/fibl5, comprising adenovirus 5 
sequences 2 1562-3 1094and32794-35938, [further comprising] anadenovirus 16 gene encoding fiber 
protein, and [further comprising a unique]a Pad-site in the proximity of the adenovirus 5 right 
terminal repeat, in the non-adenovirus sequence backbone of said construct. 
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31. (Amended) Construct pWE/Ad.AflIMTRfibl6, comprising adenovirus 5 
sequences 3534-31094 and 32794-35938[, further comprising]and an adenovirus 16 gene encoding 
fiber protein. 

32. (Amended)ConstructpWE/Ad.AfinrITRDE2Afibl6, comprising adenovirus 
5 sequences 3534-22443, 24033-31094 and 32794-35938, and further comprising an adenovirus 16 
gene encoding fiber protein. 

Please cancel claims 33 through 36 without prejudice or disclaimer. 

37. (Amended) [The use of a] A method of depriving an adenovir us capsid of a 
tissue tropism for liver cells, said method comprising using fiber protein of adenovirus 16 in an 
adenovirus capsid [for depriving said capsid of a tissue tropism for liver cells]therefor. 

Please add the following new claims : 

-38. The gene delivery vehicle of claim 2 wherein said tissue tropism is being provided by 
a virus capsid. 

39. The gene delivery vehicle of claim 38, wherein said virus capsid comprises protein 
fragments from at least two different viruses. 

40. The gene delivery vehicle of claim 39, wherein at least one of said viruses is an 
adenovirus. 

41. The gene delivery vehicle of claim 6 wherein at least one of said viruses is an 
adenovirus of subgroup B. 
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42. The gene delivery vehicle of claim 40 wherein at least one of said protein fragments 
comprises a tissue tropism determining fragment of a fiber protein derived from a subgroup B 
adenovirus. 

43 . The gene delivery vehicle of claim 8 wherein said subgroup B adenovirus is adenovirus 

16. 



The application is to be amended as previously set forth. New claims 38 through 43 are to 
be added. Claims 3, 22, 23, 27, and 33-36 are to be canceled. All amendments, including the 
cancellation of claims, are made without prejudice or disclaimer. 

The application is to be amended to conform the application more closely to United States 
practice. For instance, multiple dependencies are to be removed, "use" claims are re-worded, and 
certain other grammatical changes are made. It is respectfully submitted that no new matter is being 

added by the amendments. 

If questions should exist after consideration of the foregoing, the Office is kindly requested 
to contact the applicants' representative at the address or telephone number given herein. 



Remarks 




Allen C. Turner ^ 
Registration No. 33,041 
Attorney for Applicants 
TRASK, BRITT & ROSSA 
P. 0. Box 2550 

Salt Lake City, Utah 841 10-2550 
Telephone: (801) 532-1922 



Date: November 19, 1999 
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FIELD OF THE INVENTION 

! 

The invention relates to the field of molecular 
genetics and medicine. In particular tihe present invention 
relates to the field of gene therapy, 'more in particular to 
5 gene therapy using adenoviruses, 

BACKGROUND OF THE INVENTION 

In gene therapy, genetic information is usually- 
delivered to a host cell in order to either correct 

10 (supplement) a genetic deficiency in said cell, or to 

inhibit an undesired function in said cell f or to eliminate 
said host cell. Of course the genetic information can also 
be intended to provide the host cell with a desired 
function, e.g. to supply a secreted protein to treat other 

15 cells of the host, etc. , 

Many different methods ha^ b f e^ ( dev ( eloped ,tp, introduce 
new genetic information into qe^jLjg^ Althqugh- many different 
systems may work on cell line% l3 p f u^jtp.red r in ^itrq, } pnly. the 

20 group of viral vector mediated. gene delivery methods seems 
to be able to meet the required efficiency of gene transfer 
in vivo. Thus for gene therapy purposes most of the 
attention is directed toward tjhp* development of suitable 
viral vectors. Today, most of .the ,$tt;ention for the 

25 development of suitable viral r vep tors, is directed toward 
those vectors that are based on, adenoviruses . These 
adenovirus vectors can deliver ,£ore ; ign genetic information 
very efficiently to target cells A,n vivo. Moreover, 
obtaining large amounts of adenovirus vectors is for, most 

30 types of adenovirus vectors not a problem. Adenovirus 
vectors are relatively easy to concentrate and purify > 
Moreover, studies in clinical , trialSj.jhave provided valuable 
information on the use of these jvecb^rs, in patients, . 



It 



There are a lot of reasons for using adenovirus vectors 
for the delivery of nucleic acid to tjarget cells in gene 
therapy protocols. However, some, characteristics of the 
5 current vectors limit their use in specific applications. 
For instance endothelial cells and smjooth muscle cells are 
not easily transduced by the current} 'generation of 
adenovirus vectors. For many gene therapy applications, such 
as applications in the cardiovascular area, preferably these 

10 types of cells should be genetically modified. On the other 
hand, in some applications, even the very good in, vivo 
delivery capacity of adenovirus vectors is not sufficient 
and higher transfer efficiencies are required. This is the 
case, for instance, when most cells of a target tissue need 

15 to be transduced. 

The present invention was^made. in the course of the 
manipulation of adenovirus vectors,. In the following section 
therefore a brief introduction,.^ c a<|eiaoviruses is given. 

20 . !; t 1Ti jjpj* f . , f . • ; ! i • i 

Adenoviruses . ar)d slT j c , .. ... ■ , , n , 

Adenoviruses contain a line^.; double- stranded DNA 
molecule of approximately seOOp^base^pairs . It contains 
identical Inverted Terminal Repeats ; j{ r ITR) of approximately 

25 90-140 base pairs with the exact, length depending on the 
serotype. The viral origins of ...replication are within the 
ITRs exactly at the genome ends. The -transcription units are 
divided in early and late regions.. Shortly after infection 
the E1A and ElB proteins are expres,se<3 and function in 

30 transact ivat ion of cellular and adenoviral genes. The early 
regions E2A and E2B encode proteins (DNA binding protein, 
pre-terminal protein and polymerase) ^required for the 
replication of the adenoviral genome -(reviewed in van ,der 
Vliet, 1995) . The early region E4 erodes several proteins 

35 with pleiotropic functions e.g. transactivation of the E2 
early promoter, facilitating transport and accumulation of 
viral mRNAs in the late phase pf^infe^tion and increasing 
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nuclear stability of major late pre-mRNAs (reviewed in 
Leppard, 1997) . The early region 3 encodes proteins that are 
involved in modulation of the immune response of the host 

: i 

(Wold et al, 1995) , The late region is transcribed from one 
single promoter (major late promoter) and is activated at the 
onset of DNA replication. Complex spil icing and poly- 
adenylation mechanisms give rise to more than 12 RNA species 
coding for core proteins, capsid proteins (pen-ton, hexon, 
fiber and associated proteins) , viral protease and proteins 
necessary for the assembly of the capsid and .shut-down of 
host protein translation (Imperiale, M.J., AkusjriarVi, G. and 
Leppard, K.N. (1995) Post -transcriptional control of 
adenovirus gene expression. In: The molecular repertoire of 
adenoviruses I, P139-171. W. Doerfler and P, Bohm (eds) , 
Springer -Verlag Berlin Heidelbeiirg) , 

- i * \ ■ 

i } : « n ;l e? ' - - . - - : 

Interaction between virus and host cell 

The interaction of the vir^.w^tKthe host cell has 
mainly been investigated with the serotype C viruses Ad2 and 

Ad5 , Binding occurs via interaction of the knob region of 

lbvl spu. * c k ■ * * ■ ' ■ 
the protruding fiber with a cellular receptor . The receptor 

for Ad2 and Ad5 and probably more adenoviruses is known as 

* : ■ T5rof " 

the Coxsackievirus and Adenovirus. Receptor 1 or CAR protein 
(Bergelson et al, 1997) . Internalization is mediated through 
interaction of the RGD sequence- present in the penton base 
with cellular integrins (Wickhairuet <a£, 1993), This may not 
be true for all serotypes, for t example serotype 40 and 41 do 
not contain a RGD sequence in ;their ■ ponton base sequence 
(Kidd et al, 1993) . 



The fiber protein ■ 

The initial step for successful; , JLnf ection is binding of 
adenovirus to its target cell, a^pr^ess .mediated through 
fiber protein. The fiber protein f has d trimeric structure 
(Stouten et al, 1992) with different, lengths depending on 
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the virus serotype (Signas et al, 1985; Kidd et al, 1993) . 
Different serotypes have polypeptides with structurally 
similar N and C termini, but different middle stem regions. 
The first 30 amino acids at the N terminus are involved in 
5 anchoring of the fiber to the penton base (Chroboczek et al, 
1995) , especially the conserved IjFNPVYjP region in the tail 
(Arnberg et al, 1997) . The C-terminus;, or knob, is 
responsible for initial interaction with the cellular 
adenovirus receptor. After this initial binding secondary 

10 binding between the capsid penton base and cell -surface 
integrins leads to internalization of viral particles i in 
coated pits and endocytosis (Morgan et al, 1969; Svensson 
and Persson, 1984; Varga et al, 1991; Greber et al, 1993; 
Wickham et al, 1993). Integrins are ap-heterodimers of which 

15 at least 14 a-subunits and 8 S-subunits have been identified 
(Hynes, 1992) , The array of inbegrinsj; expressed in cells is 
complex and will vary between -cell retypes and cellular ^ 
environment. Although the knob] ^cjQntains some conserved 
regions, between serotypes, knpb pprpb^ins show a high degree 

20 of variability, indicating that :;( diLf|^irent: adenovirus , 

receptors exist. s»j ;j?Ki?vm •: ^ " - 

Adenoviral serotypes , ^-m -i 

At present, six different .subgrpiips of human 

25 adenoviruses have been proposed which in total encompass 
approximately 50 distinct adenovirus ^serotypes . Besides 
these human adenoviruses, many animal adenoviruses have been 
identified (see e.g. Ishibashi and^Yasue, 1984). 
A serotype is defined on the basis of its immunological 

30 distinctiveness as determined by quantitative neutralization 

with animal antiserum (horse, rabbit) - If neutralization 

shows a certain degree of cross-reaction between two 

; rota- 
viruses, distinctiveness of serotype is assumed if A) the 

hemagglutinins are unrelated, as shown by lack of cross - 

35 reaction on hemagglutination- inhibition, or B) substantial 

biophysical/biochemical differences in DNA exist (Francki et 



al, 1991) > The serotypes identified last (42-49) were 
isolated for the first time from HIV infected patients 
{Hierholzer et al, 1988; Schnurr et al, 1993) . For reasons 
not well understood, most of such immjano -compromised 
5 patients shed adenoviruses that were hever isolated from 
immune -competent individuals (Hierholzer et a!, 1988, 1992; 
Khoo et al, 1995) , 

Besides differences towards the sensitivity against 
10 neutralizing antibodies of different adenovirus serotypes, 
adenoviruses in subgroup C such as Ad2 and Ad5 bind ,to 
different receptors as compared to adenoviruses from 
subgroup B such as Ad3 and Ad7 (Defer et al, 1990; Gall et 
al, 1996) , Likewise, it was demonstrated that receptor 

15 specificity could be altered by exchanging the Ad3 knob 

protein with the Ad 5 knob protein, 1 and vice versa (Krasnykh 
et al, 1996; Stevenson et al, i995p ? lS97) > Serotypes 2, 4,5 
and 7 all have a natural af f iliationatowards lung epithelia 
and other respiratory tissues In Contrast, 'serotypes 40 and 

20 41 have a natural af filiation ^towardsf' the gastrointestinal 
tract. These serotypes diff er .iln^atsoljsast ~ capsid* proteins 
(penton-base, hexon) , proteins responsible for cell binding 
(fiber protein) , and proteins involved in adenovirus 
replication. It is unknown to Whath extend' the capsid 

25 proteins determine the dif ferehcss"in f tropism found between 
the serotypes. It may very well be that post- infection 
mechanisms determine cell type 'specificity of adenoviruses, 
It has been shown that adenoviruses^ from serotypes A (Adl2 
andAd31),C (Ad2 and Ad5) ,D (Ad9 f and -Adl5) , E (Ad4) and F 

3 0 (Ad41) all are able to bind l^bel^d^ soluble CAR (sCAR) 
protein when immobilized on nitropelliulose . Furthermore, 
binding of adenoviruses from these* serotypes to, Ramos cells, 
that express high levels of CAR , a but u lack integrins (Roelvink 
et al, 1996), could be ef f iciently, blpcked by addition of 

35 sCAR to viruses prior to inf ection n (Roelvink et al, 1998) . 

However, the fact that (at least, some*) - members of these 
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subgroups are able to bind CAR does not exclude that these 
viruses have different infection efficiencies in various 
cell types. For example subgroup D serotypes have relatively 
short fiber shafts compared to subgroup A and C viruses. It 
5 has been postulated that the trojpism pf subgroup D viruses 
is to a large extend determined jby the ; penton base binding 
to integrins {Roelvink et al, 1996; Roelvink et al, 1998). 
Another example is provided by Zabrier et al, 1'998 who have 
tested 14 different serotypes on infection of human ciliated 

10 airway epithelia (CAE) and found that 1 serotype 17 (subgroup 
D) was bound and internalized more efficiently themuall 
other viruses, including other members of subgroup D. 
Similar experiments using serotypes from subgroup A-F in 
primary fetal rat cells showed that adenoviruses from 

15 subgroup A and B were inefficient whereas viruses from 

subgroup D were most efficient* (&sw; et al, 1998) /'Also^in 
this case viruses within one Subgroup" 'displayed different 
efficiencies, The importance of' £fibe¥ r binding for the' 
improved infection of Adl7 in t&E^watsf shown ! by Armenta'no et 

20 al (WO 98/22609) who made a reco&iffkiit LacZ Ad2 virus with 
a fiber gene from Adl7 and showed "that the chimaeric virus 
infected CAE more efficient then iLacZ] Ad2 viruses with Ad2 
fibers. '* -'^"^j 

Thus despite their shared 'ability to bind CAR, 

25 differences in the length of the 1 fibWr, knob sequence and 
other capsid proteins e.g. penton Isa^e of "the different 
serotypes may determine the efficiency by which an 
adenovirus infects a certain t&rjget? dell. Of interest in 
this respect is the ability of 1 AdS' J aiSd Ad2 fibers but not of 

3 0 Ad3 fibers to bind to fibronectih 1 1 r- and MHC class 1 a2 
derived peptides. This suggests ttfafc ^adenoviruses are able 
to use cellular receptors other 'fchafi'TCAR (Hong et al> 1997) . 
Serotypes 40 and 41 (subgroup F) 'are^known to carry two 
fiber proteins differing in the lerigt'h of the shaft. The 

35 long shafted 41L fiber is shown' to 'bind CAR whereas the 

<v --o '-,haf 
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short shafted 41S is not capable of binding CAR (Roelvink et 
al, 1999) * The receptor for the short fiber is not known. 



Adenoviral gene delivery vectors 
5 Most adenoviral gene delivery vectors currently used in 

gene therapy are derived from the serotype C adenoviruses 
Ad2 or Ad5. The vectors have a deletion in th£ El region, 
where novel genetic information can fcje introduced. The El 
deletion renders the recombinant virus replication 

10 defective. It has been demonstrated extensively ffhSjtq 

recombinant adenovirus , in particular serotype 5 is suitable 
for efficient transfer of genes in vivo to the liver, the 
airway epithelium and solid tumors in animal models and 
human xenografts in immuno-def icient mice (Bout 1996, 1997; 

15 Blaese et al, 1995). h]& rf b ' >~ ' 

Gene transfer vectors derived from adenoviruses 
(adenoviral vectors) have a number of features that make 
them particularly useful for geiie transfer: 
20 l) the biology of the adenoviruses is^well characterized, 

2) the adenovirus is not associated ewith severe^ human 
pathology, i d; f i 1 r. i k ; ^ * r ■ 

3) the virus is extremely efficient ijn introducing its DNA 
into the host cell, ^ t ^irr 

25 4) the virus can infect a wide v&ri'ety of cells and' has a 
broad host -range, :■>.*■ 

5) the virus can be produced at highr? titers in large 
quantities, i-<>ovi .r 

6) and the virus can be rendered] replication defective by 
30 deletion of the early-region 1 (El) of the viral genome 

(Brody and Crystal, 1994) . 

- $ -'-,;- f 

However, there is still a number, .of ^drawbacks associated 
with the use of adenoviral vectq^s i :: J r 

,* i.g* - Is! . , 

i 
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1) Adenoviruses , especially the well investigated serotypes 
Ad2 and Ad5 usually elicit an immune response by the host 
into which they are introduced, 

2) it is currently not feasible to target the virus to 
5 certain cells and tissues, 

3) the replication and other function^ of the adenovirus are 
not always very well suited for the c^lls, which are to be 
provided with the additional genetic ijaterial, ; 

4) the serotypes Ad2 or Ad5, are not ideally suited for 

10 delivering additional genetic material to organs other than 
the liver. The liver can be particularly well transduced 
with vectors derived from Ad2 or Ad5, Delivery of such 
vectors via the bloodstream leads to a significant deliver 
of the vectors to the cells of the liver. In therapies were 

15 other cell types then liver cells need to be transduced some 
means of liver exclusion must be^appl-ied to prevent uptake 
of the vector by these cells. Curr^ent r methods rely on , the 
physical separation of the vector from the liver cells, most 
of these methods rely on localising £he vector and/or the 

20 target organ via surgery, balloon angioplasty or direct 
injection into an organ via fo t r ri) inst^|ice. needles. Liver 
exclusion is also being praetipejd /u thr$ugh delivery of the 
vector to compartments in the body;,; c thf t are essentially 
isolated from the bloodstream Jihe^ebyj preventing .transport 

25 of the vector to the liver . Al|: ; hough a ^hese methods mostly 
succeed in avoiding gross delivery .p^, the vector to , the 
liver, most of the methods are : crude and still have 
considerable leakage and/or haye v poor, target tissue 
penetration characteristics. In ;Some, : upases inadvertent 

30 delivery of the vector to liver, gelis^ can be toxic to the 
patient. For instance, delivejqy o£ ^herpes simplex virus 
(HSV) thymidine kinase (TK) gene ; tqr^ the subsequent killing 
of dividing cancer cells through administration of 
gancyclovir is quite dangerous, wften gjlso a .significant 

35 amount of liver cells are transduced, by the vector. 

Significant delivery and subsequent expression of the HSV-TK 
gene to liver cells is associated with severe toxicity. Thus 



i 
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there is a discrete need for an inherently safe vector 
provided with the property of a reduced transduction 
efficiency of liver cells. 



5 BRIEF DESCRIPTION OF DRAWINGS 

i 

Table I: Oligonucleotides and degenerate oligonucleotides 
used for the amplification ofi DNAfencoding ;fiber proteins 
derived from alternative adenovirus serotypes, (Bold 
10 letters represent Ndel restriction site (A-E) , Nsil 

restriction site (1-6/ 8), or Pad! restriction ) site, (7), 
Table II: Biodistribution of chimeric adenovirus upon 
intravenous tail vein injection. Values represent 
lucif erase activity/ \xg of total protein. All values below 
15 200 Relative light units/ jig' protein are considered 

background- ND = not determinedibev 
Table III: Expression of CAR and f lntegrins on the cell 

surface of endothelial cells and smooth muscle cells, 70%: 
Cells harvested for FACS analysis at a cell density of 70% 
2 0 confluency, 100%: Cells harvested for FACS analysis at a 

cell density of 100% confluency. PER.C6 cells were taken 

i 

as a control for antibody stssLning^ Values represent 

percentages of cells that express^ (pAR or either one of the 

integrins at levels above ba<?|tgrpjijrid . As. background 
25 control, HUVECs or HUVsmc were-inp^bated only with the 

secondary , rat -anti -mouse IgGl^PEvdabeled antibody. 
Table IVi Determination of transg^ei expression (luciferase 

activity) per \xg of total cellularAprotein after infection 

Of A549 cells, >1 3l 

30 i or- t c l'^ 

Figure 1: Schematic drawing of )r fche~ pBr/Ad.Bam-rlTR construct, 
Figure 2; Schematic drawing of , the strategy used to delete the 

fiber gene from the pBr/Ad.Bam-rlTR construct. 
Figure 3: Schematic drawing of , construct pBr/Ad „ BamRAf ib . 
35 Figure 4: Sequences of the chimaericj fibers Ad5/12, Ad5/16, 

Ad5/28, and AdS/40-L. i- :cy . 
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Figure 5: Schematic drawing of the construct pClipsal-Luc . 

Figure 6: Schematic drawing of the method to generate chimaeric 
adenoviruses using three overlapping fragments* Early (B) and 
late regions (L) are indicated, L5 is the fiber coding 
sequence. 

Figure 7: A) Infection of HUVEC cells using different amounts 
of virus particles per cell and different fiber chimeric 

adenoviruses. Virus concentration-. 10000 vp/ cell white 

S| ; f 

bar) , 5000 vp/ cell (= grey bar) , 2500 vp/ cell (= Black 
bar) 1000 vp/ cell (light gre^ bar, 250 and 50 vp/ cell no 
detectable lucif erase activity abcjve background ♦jj-ij 
Luciferase activity is expressed in relative light units 
(RLU) per microgram cellular protein > B) Infection of 
HUVEC cells using different concentrations of cells 
(22500 7 45000, 90000, or 135^00 cells seeded per well) and 
either adenovirus serotype 0 5 ^(jblac^k bar) or the fiber 16 
chimeric adenovirus (white ; bar) ^uciferase activity Is 
expressed in relative lights units Cii (RLU) per microgram 
cellular protein. C) Flow cytometric analysis on Human 
aorta EC transduced with 500 (Black bar) or 5000 (grey 
bar) virus particles per cell p^J^dS or the fiber 16 
chimeric virus (Fiblfi) . Nor^-infeq^f d cells were used to 
set the background at 1% and ^ median : fluorescence of 5,4, 
The maximum shift in the median- ^fluorescence that can be 

Y A- J f j 

observed on a flow cytometer. 4-s \93 v 99 - This, latter 

a ^ • u R H 

indicates that at 5000 vp/ cell Jboih Ad5 and Fib! 6 are 
outside the sensitivity scale J qf~} tjjie flow cytometer. 
Figure 8: A) Infection of HUVsmc .c^ll^, using different 

amounts of virus particles per .cell and different fiber 
mutant Ad5 based adenoviruses , ir ,Virjis concentration: 5000 
vp/ cell (= white bar), 2500 vp/; *£ell (= grey bar) , 1250 
vp/ cell (= dark grey bar) r 2£0| v^/cell (= black bar), or 
50 vp/ cell (light grey bar) ..Luciferase activity is 
expressed as relative light units (RLU) per microgram 
cellular protein, B) Inf ection> ,o£ n HUVsmc cells using 
different concentrations of t c ( ells ? £10000, 20000, 40000/ 
60000, or 80000 cells per well) ; ^and either adenovirus 
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serotype 5 (white bars) or the fiber 16 chimeric 
adenovirus (black bars) . A plateau is observed after 
infection with chimeric fiber 16 adenovirus due to the 
fact that transgene expression is higher than the 
5 sensitivity range of the bioluminimeter used. C) Human 

umbilical vein SMC transduced with 500 VP/ cell (black 
bar) or 5000 VP/ cell (grey bar) using either Ad5 or the 
fiber 16 mutant (Fibl6) . Non4jtransduced cells were used to 
set a background median f luorjescence of approximately 1. 

i I 

10 Shown is the median fluorescence of GFP expression as 

measured by flow cytometry. D) HUVjsmc were infected with 
312 (light grey bar), 625 (grey bar), 1250 (black bar), 
2500 (dark grey bar), 5000 (light grey bar) , or 10000 
(white bar) virus particles per cell of either the fiber 

15 11, 16; 35, or 51 chimeric virus, Lucif erase transgene 

expression expressed as relab^ye^Jj^ght units. (RLU) per 
microgram protein was measure^ ;4J 5l hours after virus, 
exposure- E) Macroscopic photogr^agjis of LacZ staining on 
saphenous samples. Nuclear f £,^rge t t^d LacZ (ntLacZ) yields a 

20 deep blue color which appeaprS] bl^cjk or , dark grey in ,non- 

color prints, P) Macroscopic -.phqfcjqgraphs of LacZ staining 
on pericard samples. Nuclear j-t^rgefed, LacZ (ntLacZ) gives 
a deep blue color which appears,- .bl^ck in non-color prints 
G) Macroscopic photographs t o^Lac^| t staining t on right 

25 coronary artery samples. NucLear,, targeted LacS (ntLacZ) 

gives a deep blue color whicl^Sap>pears- black in non-color 
prints H) LacZ staining on LejE£ r artery descending (LAD) 
samples. Nuclear targeted Lap>Z, ^(ptLacZ) gives a deep, blue 
color which appears black in ^on-cplor, prints 

30 Figure 9: Sequences including the . gene encoding adenovirus 16 
fiber protein as published in^Genbank and sequences 
including a gene encoding a j; fj.berj from an adenovirus 16 
variant as isolated in the present^ invent ion, wherein the 
sequences of the fiber protei^ : a^e, r from the Ndel-site. 

35 Figure 9A nucleotide sequence, comparison. Figure 9B amino- 

acid comparison. p aol:c? 
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SUMMARY OF THE INVENTION ! 

The present invention provides gene therapy methods, 
compounds and medicines. The present invention is 
particularly useful in gene therapy applications were 
endothelial cells and /or smooth muscle cells form the target 
cell type. The present invention relates to gene delivery 
vehicles provided with a tissue ;jtropism for at least 
endothelial cells and /ox smooth musdle cells. The present 
invention further relates to gene delivery vehicles having 
been deprived of a tissue tropism foil liver cells 1 . 



DETAILED DESCRIPTION OF THE INVENTION , 
It is an object of the current invention to provide 
materials and methods to overcome the limitations of 
adenoviral vectors mentioned above, ?, ion a broad Sense, the 
invention provides new adenoviruses -derived? in whole or in 
part from serotypes different if^opvAc^S. Specif ic genes of 
serotypes with preferred characteristics may be combined in 
a chimaeric vector to give rise to v a vector that is better 
suited for specific applications,. Preferred characteristics 
include, but are not limited to,, improved infection of a 
specific target cell, reduced infection of non- target cells, 
improved stability of the viriib /' reduced uptake in antigen 
presenting cells (APC), or increased uptake in APC, reduced 
toxicity to target cells, reduced neutralization in humans 
or animals, reduced or increased CTL response in humans or 
animals, better and/or prolonged; transgene expression, 
increased penetration capacity ijn .tissues,, improved yields 
in packaging cell lines, etc. . ; 

One aspect of the present invention facilitates the 
combination of the low immunogenicity- ; of some adenoviruses 
with the characteristics' of other., adenoviruses that allow 
efficient gene therapy. Such characteristics may be a high 
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specificity for certain host cells, a good replication 
machinery for certain cells, a high rate of infection in 
certain host cells , low infection efficiency in non- target 
cells, high or low efficiency of APC Infection, etc. 
5 The invention thus may provide chimaeric adenoviruses having 
the useful properties of at least two adenoviruses of 
different serotypes. 

Typically, two or more requirements from the above non- 
exhaustive list are required to bbtaijn an adenovirus capable 

10 of efficiently transferring genejtic mjaterial to a host cell. 
Therefore the present invention provijdes adenovirus^ ^derived 
vectors which can be used as cassette^ to insert different 
adenoviral genes from different adenoviral serotypes at the 
required sites* This way one can obtain a vector capable of 

15 producing a chimaeric adenovirus , whereby of course also a 
gene of interest can be inserted -j or^ instance -at - the., site 
of El of the original adenovi^us^> 4 ^ - 
chimaeric adenovirus to be produced ^qan be,, adapted to the 
requirements and needs of certain ghosts ; in need of .gene 

20 therapy for certain disorders., Ta : ;ena£>le this, virus * 
production, a packaging cell will generally, be needed in 
order to produce sufficient amount of safe chimaeric 
adenoviruses. ^^nts fx .r ; ^ . - 

In one of its aspects the present^vii^ention provides 

25 adenoviral vectors comprising ^ajtj^ea^ a. fragment, of a fiber 
protein of an adenovirus from ^pl^group ,B, Said fiber protein 
may be the native fiber protein , r ^£,\ r t}^ adenoyiral vector or 
may be derived from a serotype^.di.f^^^ 31 ^ rcm .the serotype 
the adenoviral vector is based^o^i^^^the latter, case, * the 

30 adenoviral vector according to the invention is a chimaeric 
adenovirus displaying at least, % fragment- of the fiber . 
protein derived from subgroup B ^adeno^vi ruses that fragment 
comprising at least the receptp^^ipd^ng : sequence Typically 
such a virus will be produced using^a^ vector {typically a 

35 plasmid, a cosmid or baculovirusvyec^or) , Such vectors are 
also subject of the present invention A preferred vector is 
a vector that can be used to makeua ^chimaeric recombinant 



I 

14 | 

I 

virus specifically adapted to the host to be treated and the 
disorder to be treated. 

The present invention also provides a chimaeric adenovirus 
based on adenovirus type 5 but having at least a fragment of 
5 the fiber sequence from adenovirus type 16, whereby the 

fragment of the fiber o£ Adl6 comprises the fragment of the 
fiber protein that is involved in binding a host cell. 
The present invention also provides chimaeric adenoviral 
vectors that show improved infection as compared to 

10 adenoviruses from other subgroup^ in specific host cells for 
example, but not limited to, endpthelial cells and smooth 
muscle cells of human or animal origin. An important feature 
of the present invention is the means to produce the 
chimaeric virus. Typically, one does not want an adenovirus 

15 batch to be administered to the ^ host cell, which contains 

replication competent adenovirus,,. In, general therefore, It is 
desired to omit a number of genes (but at least one) from 
the adenoviral genome on the vector, encoding the chimaeric 
virus and to supply these genes ^n^the genome of the, cell in 

2 0 which the vector is brought to~.praduq^ chimaeric adenoyirus . 
Such a cell is usually called a r packaging . cell . The, 
invention thus also provides a, pfck^ipg cell for producing 
a chimaeric adenovirus according ; 0 t^j tjje invention,, 

comprising in trans all elements ^neqessary, for adenovirus 

r 

25 production not present on the a^noy|i^al vector according to 
the invention. Typically vector ir ^<^^ackaging cell have to 
be adapted to one another in tha^ they have all the 
necessary elements, but that the^^do^ijiot have overlapping 
elements which lead to replication ^cpippetent virus by 

30 recombination. Thus the invention also provides a kit of 

parts comprising a packaging cell according to the invention 
and a recombinant vector according ( t:he invention whereby , 
there is essentially no sequence t over lap leading to : 
recombination resulting in the ^production of replication: 

35 competent adenovirus between said^eU. and said vector. 
For certain applications for e^ampl.e ti when the therapy is 
aimed at eradication of tumor cell^^ 0 the adenoviral vector 

r>o io th 
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according to the invention may be replication competent or 
capable of replicating under certain conditions for example 
in specific cell types like tumor cells or tumor endothelial 
cells. 

5 It is within the scope of the invention to insert more 

genes, or a functional part of these genes from the same or 
other serotypes into the adenoviral vector replacing the 
corresponding native sequences* Thus for example replacement 
of (a functional part of the) fiber sequences with 
10 corresponding sequences of other serotypes may be combined 
with for example replacements of (a jfunctiohal part of) 

other caps id genes like pent on base or hexon with 

i i 

corresponding sequences of said serotype or of other 
distinct serotypes. Persons skilled ;in the art understand 

15 that other combinations not limited to the said genes are 
possible and are within the s^opf e of e the- invention. The 
chimaeric adenoviral vector according to -the invention may 
originate from at least two different serotypes. This may 
provide the vector with preferred characteristics such as 

20 improved infection of target £ells, n ^iid/or less infection of 
non- target cells, improved stability e of the virus, reduced 
immunogenicity in humans or animalg-j (e.g. reduced, uptake in 
APC, reduced neutralization i?i B the h ]jgst and/or reduced 
cytotoxic T-lymphocyte (CTL) res^Qnse) , increased , ; 

25 penetration of tissue, better ^ongeyity of transgene 
expression, etc, In this aspect n i t f^s : : preferred to use 
capsid genes e.g. penton and/or hejson,- genes from less 
immunogenic serotypes as defined 5 by; : ^he absence or the 
presence of low amounts of neutral i^ipg antibodies in the 

30 vast majority of hosts. It is - also^rfif erred to use fiber 
and/or penton sequences from serotypes that show improved 
binding and internalization in the a target cells- Furthermore 
it is preferred to delete from, the, viral vector those genes 
which lead to expression of adenq^iral genes. in the target 

35 cells. In this aspect a vector, deleted of all adenoviral 
genes is also preferred. Furthentipre ; it is preferred, that 
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the promoter driving the gene of interest to be expressed in 
the target cells is a cell type specific promoter. 

I 

In order to be able to precisely adapt the viral vector and 
5 provide the chimaeric virus with the desired properties at 
will, it is preferred that a library of adenoviral genes is 
provided whereby the genes to be exchanged are located on 
plasmid- or cosmid- based adenoviral constructs whereby the 
genes or the sequences to be exchanged are flanked by 

10 restriction sites, The preferred: genes or sequences can be 
selected from the library and inserted in the adenoviral 
constructs that are used to generate the viruses. Typically 
such a method comprises a number! of restriction and ligation 
steps and transf ection of a packaging cell , The adenoviral 

15 vector can be transf ected in onS piece f or as two or more 
overlapping fragments, whereby : ^irijges are generated by 
homologous recombination. For -.example the adenoviral vector 
may be built up from two or more overlapping sequences for 
insertion or replacements of a gjene^of interest ,in for 

20 example the El region, for insertion or replacements in 
penton and/or hexon sequences,] -^n4 u ^or insertions or 
replacements into fiber sequences .^,Thus the invention 
provides a method for producing ^chimaeric adenoviruses 
having one or more desired properti^^like- a desired host 

25 range and diminished antigeniqiJty r:r .co^prising providing one 
or more vectors according to th,e 1 ,iny.ejfttion having the 
desired insertion sites, insert 4jicj. ,s aid vectors- at 
least a functional part of a fiber ^protein derived from an 
adenovirus serotype having the^ ; de.^re|i host range and/or 

20 inserting a functional part of v a cap^id protein derived from 
an adenovirus serotype having ,repL^ti^ly t low, antigenicity 
and transfecting said vectors in.^, packaging cell according 
to the invention and allowing for prpduction of chimaeric 
viral particles. Of course other, ..combinat ions of other viral 

35 genes originating from dif f erent^ serotypes can also be 
inserted as disclosed herein before,;, Chimaeric viruses 
having only one non-native sequence -ift addition to ^an 
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insertion or replacement of a <jjeifi&#$f interest in the El 

Mir 



region/ are also within the scope]* §1 thfe 'invention. 
An immunogenic response to adenovirus that typically occurs 
is the production of neutralizing antibodies by the host, 
5' This is typically a reason for selecting a capsid protein 
like pent on, hexon and/or fiber of a less immunogenic 
serotype . 

Of course it may not be necessary to make chimaeric 
adenoviruses which have complete proteins from different 

10 serotypes, It is well within the skill of the art to produce 
chimaeric proteins, for instance ,in, the, ipase of^fiber 
s*. proteins it is very well possible to have the base of one 
serotype and the shaft and the knob from another serotype. 
In this manner it becomes possible to have the parts of the 

15 protein responsible for assembly of viral particles 

originate from one serotype, ^h^g^y^nhangf ng^ the t s, t . 
production of intact viral part^jcje^ Thys~: the .invention 
also provides a chimaeric adenp^ru9^ according to the 
invention, wherein the hexon, jgfi^to^ f iber,,, and/or < , other 

20 capsid proteins are chimaeric -prptein^. c^iginating jErqjn 

different adenovirus serotype^ r Beiges ^generating, chimaeric 
adenoviruses by swapping entire wild type capsid (protein) 
genes etc. or parts thereof/ it !T is also within the scope of 
the present invention to inserts capsid (protein) genes etc. 

25 carrying non- adenoviral sequencef or; mutations such as point 
mutations, deletions, insertions^ ?tc>.i whiph can be easily 
screened for preferred characte;ristf£s< such as temperature 
stability, assembly, anchoring* redirected infection, 
altered immune response etc. Agadn^othe^; chimaeric 

3 0 combinations can also be produped and ^ are, within the scope 
of the present invention. t.'$re>vj- r? \ 

■i.';a,'':l^s i i >\ * 



It has been demonstrated in mice -and" rats" that upon in vivo 
systemic delivery of recombinant r adeh8V-itus > of c6mmoh lis'ed 
35 serotypes for gene therapy purpose than 90% of the 

cf. '.7.3/3 J 
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virus is trapped in the liver (Herz et al, 1993; Kass-Eisler 
et al, 1994; Huard et al, 1995) j. It is also known that human 
hepatocytes are efficiently transduced by adenovirus serotype 
5 vectors (Castell, J.V., Hernandez,! D, Gomez-Foix, A.M. , 
5 Guillen, I, Donate, T. and Gomez-Leqhon, M.J. (1997) . 

Adenovirus -mediated gene transfer into human hepatocytes: 
analysis of the biochemical functionality of transduced 
cells. Gene Ther, 4(5), p455-464) , Titus in vivo gene therapy 
by systemic delivery of Ad2 or Ad5 based vectors is seriously 

10 hampered by the efficient uptake of the viruses in the liver 
leading to unwanted toxicity and less virus being available 
for transduction of the target cells. Therefore, alteration 
of the adenovirus serotype 5 host cell range to be able to 
target other organs in vivo is a major interest of the 

15 invention- l> 

To obtain re-directed infection.) of -recombinant adenoyirus 
serotype 5, several approaches . h^§ !7 b f e ( en^or still are under 
investigation. Wickham et al have.jaltered._the RGD (Arg, Gly, 

20 Asp) motif in the penton base : v{hig^^ip : bel ; ieyed : to be 

responsible for the <Xyp3 and qyp§ x ^5S ; ^9 r ?l^r binding to the 
penton base. They have replaced^fchisnRGD^motif by- another 
peptide motif which is specific^ for the ol%$i receptor. In 
this way targeting the adenovirus Ito^a specific target cell 

25 could be accomplished (Wickham et al/ 1995} . Krashykh et al 
(1998) have made use of the HI loopviavailable in the knob. 
This loop is, based on X-ray crystallography, located on the 
outside of the knob trimeric structure and therefore is 
thought not to contribute to the ; intramolecular interactions 

30 in the knob. Insertion of a FLAG coding sequence into the HI 
loop resulted in fiber proteins that were able to trimerise 
and it was further shown that viruses^ containing the FLAG 
sequence in the knob region could be hade. Although 
interactions of the FLAG- containing.^ ktxob with CAR are not 

35 changed, insertion of ligands inhthfe HI loop may lead to 
retargeting of infection. Although successful introduction 
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of changes in the adenovirus serotype 5 fiber and penton- 
base have been reported, the complex structure of knob and 
the limited knowledge of the precise amino acids interacting 
with CAR render such targeting approaches laborious and 
5 difficult. The use of antibodies binding to CAR and to a 
specific cellular receptor has also been described (Wickham 
et al, 1996/ Rogers et al, 1997) , This approach is however 
• limited by the availability of a specific antibody and by 
the complexity of the gene therapy pjroduct, 

20 To overcome the limitations described .above we used pre- 
existing adenovirus fibers, penton base proteins, heicon 
proteins or other capsid proteins derived from other 
adenovirus serotypes. By generating chimaeric adenovirus 
serotype S libraries containing structural proteins of 

15 , alternative adenovirus serotype 1 ^, we have developed a 

technology, which enables rapid e; sc ( reeningr f or , a .recpmbinant 
adenoviral vector with pref erreci ri glfL§ract^ristics,- < 

It is an object of the present: ,inypn;fcioivto { provide methods 
20 for the generation of chimeric § capsj.ds^which can be targeted 
to specific cell types in vitro as^well as in vivo, and thus 

have an altered tropism for cert&inT<sell^£ypes ;.i<It* is a 
further object of the present : invention r to provide methods 
and means by which an adenovirus, or an adenovirus capsid can 

25 be used as a protein or nucleic -acidedelivery vehicle to a 
specific cell type or tissue, j*~rJ- or hp \:\ . » - ■ 
The generation of chimaeric adenoviruses based on adenovirus 
serotype 5 with modified late genes, is described. For this 
purpose, three plasmids, which .together contain the complete 

30 adenovirus serotype 5 genome, were constructed. From one of 
these plasmids part of the DNA \ encoding ■ the adenovirus 
serotype 5 fiber protein was removed- ^nd replaced by linker 
DNA sequences that facilitate easy cloning- This plasmid 
subsequently served as template for^jthe insertion of DNA 

35 encoding fiber protein derived; £rom fe different adenovirus 
serotypes. The DNA sequences derived;., £ rom the different 
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serotypes were obtained using the polymerase chain reaction 
technique in combination with (degenerate) oligonucieotides ( 
At the former El location in the genome of adenovirus 
serotype 5, any gene of interest can be cloned. A single 
5 transf ection procedure of the three jplasmids together 
results in the formation of a recombinant chimaeric 
adenovirus. Alternatively, cloning of the sequences obtained 
from the library of genes can be such that the chimaeric 
adenoviral vector is build up from one or two fragments. For 

10 example one construct contains at least the left ITR and 
sequences necessary for packaging of the" virus, ' an i f; 
expression cassette for the gene of interest and sequences 
overlapping with the second construct comprising all 
sequences necessary for replication and virus formation not 

15 present in the packaging cell a¥ well as the non-native 

sequences providing the pref ^rr^ti^cha^acteristics * tj This new 
technology of libraries consipting.of chimaeric adenoviruses 
thus allows for a rapid screening jfpf, improved . recombinant 
adenoviral vectors for in vitrQ 9 fxi$ a £n yivo gene therapy 

20 purposes , < v^o* , 

The use of adenovirus type 5 f orris vivorgene therapy- is 
limited by the apparent! inability to c infect certain cell 
types e,g. human endothelial pells* and smooth muscle cells 

25 and the preference of infection of certain 1 organs e.g. liver 
and spleen. Specifically this *has ^consequences for treatment 
of cardiovascular diseases like.-restehosis and pulmonary 
hypertension. Adenovirus -mediated delivery of human ceNOS 
(constitutive endothelial nitric 6xide synthase) has been 

30 proposed as treatment for restenosisi&f ter percutaneous 
transluminal coronary angioplasty*; (PESA) . t Restenosis is 
characterized by progressive arterial, remodeling, 
extracellular matrix formation, and intimal hyperplasia at 
the site of angioplasty (Schwartz. et al, 1993/ Carter et al, 

35 1994; Shi et 32,1996). NO is one of the vasoactive factors 

i 

shown to be lost after PTCA- induced, injury to the 

* to? i.n 4y • 
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endothelial barrier (Lloyd Jones and Bloch, 1996) . Thus 
restoration of NO levels after balloon- induced injury by 
means of adenoviral delivery of ceNOS may prevent restenosis 
(varenne et al, 1998) . other applications for gene therapy 
whereby-the viruses or chimaeric viruses according to "the 
invention are superior to Ad2 or Ad5 based viruses, given as 
non- limiting examples, are production of proteins by 
endothelial cells that are secreted into the blood, 
treatment of hypertension, preventive treatment of stenosis 
during vein grafting, angiogenesis, heart failure, renal 
hypertension and others. ~ H-i > 

In one embodiment this invention describes adenoviral 
vectors that are, amongst others, especially suited for gene 
delivery to endothelial cells an'd smooth muscle cells 
important for treatment of cardiovascular disorders. , The 
adenoviral vectors preferably; are.^ derived from subgroup B 
adenoviruses or contain at least aissfwnctional part of the 
fiber protein from an adenovirus,; from , subgroup B comprising 
at least the cell-binding moiety , of the fiber protein. 
In a further preferred embodiment £he adenoviral vectors are 
chimaeric vectors based on adenoy.irug, , type .5 and contain at 
least a functional part of the, ; f i iher jprotein from adenovirus 
type 16. ■ J ; ., ... 

In another embodiment this invention provides adenoviral 
vectors or chimaeric adenoviral vectors that escape the 
liver following systemic administration. Preferably these 
adenoviral vectors are derived , from,.. subgroup A, B, D, or F 
in particular serotypes 12 , l$,,28 and 40 or contain at 
least the cell-binding moiety of the.,. fiber protein derived 
from said adenoviruses. ; ,„ i1(W . , ... , . 

It is to be understood that in all embodiments the 
adenoviral vectors may be derived from the serotype having 
the desired properties or that,, the ; adenoviral vector is 
based on an adenovirus from one serotype and contains the 
sequences comprising the, desired J ...func|ions of , another. 
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serotype, these sequences replacing the native sequences in 
the said serotype. 

In another aspect this invention describes chimaeric 
adenoviruses and methods to generate these viruses that 
have an altered tropism different from that of 
adenovirus serotype 5, For example, viruses based on 
adenovirus serotype 5 but displaying any adenovirus 
fiber existing in nature. This chimaeric adenovirus 
serotype 5 is able to infect certain cell types more 
efficiently, or less efficiently in vitro and .ijjq y&yp^ 
than the adenovirus serotype 5, Such cells include but 
are not limited to endothelial cells, smooth muscle 
cells, dendritic cells, neuronal cells, glial cells, 
synovical cells, lung epithelial" cells, hemopoietic 
stem cells, monocytic/macrophage r^e^ls^- tumor cells, . 
skeletal muscle cells, mesothelial cells, synoviocytes, 
etc. 

In another aspect the inventionT^esqribes the construction 
and use of libraries consist ingeoj distinct; parts of 
adenovirus serotype 5 in which affipftepi^ more * genes or- i 
sequences have been replaced withvQN^ derived from 
alternative- human or animal serotypes* This -set of ^ 
constructs, in total encompassing < the! complete adenovirus 
genome, allows for the construction. of unique chimaeric 
adenoviruses customised for a certain disease, group. pf 
patients or even a single indiyidu^l. 

In all aspects of the invent iqp^ the ^chimaeric adenoviruses 
may, or may not, contain deletions r in; the El region and 
insertions of heterologous genes : linked either or not to a 
promoter. Furthermore, chimaeric adenoviruses may, or may 
not, contain deletions in the E3 region and insertions of 
heterologous genes linked to a promoter. Furthermore, 
chimaeric adenoviruses may, or, itpy^gj:, contain, deletions in 
the E2 and/or E4 region and in^r^ions of . heterologous genes 
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linked to a promoter. In the latter case E2 and/or E4 
complementing cell lines are required to generate 
recombinant adenoviruses. In fact any gene in the genome of 
the viral vector can be taken out and supplied in trans. 
Thus, in the extreme situation,' chim'aeric viruses do not 
contain any adenoviral genes in| their genome and are by 
definition minimal adenoviral vectors. In this case all 



trans using stable cell 
these genes- A method 



adenoviral functions are supplied in 
lines and/or transient expression of 

10 for producing minimal adenoviral vectors is described in 

WO97/00326 and is taken as reference! herein. In (.another case 
Ad/AAV chimaeric molecules are packaged into the adenovirus 
capsids of the invention. A method for producing Ad/AAV 
chimaeric vectors is described in EP 97204085,1 and is taken 

15 as reference herein. In principle any nucleic acid may be 
provided with the adenovirus capsids of, the invention. 

In one embodiment the invent ion^pjro^ides a. gene; delivery 
vehicle having been provided with^at a least a tissue tropism 

20 for smooth muscle cells and/or a endpt^elial cellg. In another 
embodiment the invention provides t ^ggn^ ? delivery vehicle 
deprived of a tissue tropism f or. at^l^ast- liver cells.; 
Preferably; said gene delivery -y^ic^'p. is r provided with a 
tissue tropism for at least smooth $}iscle. cells and/or 

25 endothelial cells and deprived of a^tlissue tropism for at 

- least liver cells. In a preferred ..embodiment of the invention 
said gene delivery vehicle is provided with a tissue tropism 
for at least smooth muscle cells^and/pr endothelial cells 
and/or deprived of a tissue tropism; for at least liver cells 

3 0 using a fiber protein derived frpm a ir ^ubgroup B adenovirus, 
preferably of adenovirus 16. In-^a^prf f.err,ed aspect of . the 
invention said gene delivery vehicle comprises a virus 
capsid. Preferably said virus capsid r comprises a virus capsid 
derived in whole or in part from, an , (adenovirus of subgroup B, 

35 preferably from adenovirus 16 , K or £1 it L comprises proteins, or 
parts thereof, from an adenovirus of .s^g^P^P. B r preferably 
of adenovirus 16, In preferred^ embodiment of the invention 
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said virus capsid comprises proteins, or fragments thereof, 
from at least two different viruses , preferably adenoviruses. 
In a preferred embodiment of this aspect of the invention at 
least one of said viru9 is an 4denovirus of subgroup B, 
5 preferably adenovirus 16. ; 

In a preferred embodiment of the invention said gene delivery 
vehicle comprises an adenovirus fiber protein or fragments 
thereof- Said fiber protein is preferably derived from an 
adenovirus of subgroup B, preferably of adenovirus 1$, Said 
10 gene delivery vehicle may further cqmprise other, fiber. 

proteins, or fragments thereof, from other 'adenoviruses. Said 
gene delivery vehicle may or may not comprise other 
adenovirus proteins- Nucleic acid may be linked directly to 
fiber proteins, or fragments thereof, but may also be linked 
15 indirectly- Examples of indirect linkages include but are not 
limited to, packaging of nucleic r ae^l into adenovirus capsids 
or packaging of nucleic acid in£q 8 ^pospmes, wherein. a fiber 
protein, or a fragment thereof ^if incorporated into an 
adenovirus capsid or linked to ^lipbsome. Direct , linkage of 
20 nucleic acid to a fiber protein, or a fragment thereof, may 
be performed when said fiber pr^e^xj^q^-j ,a ti f ragmept i: thereof , 
is not part of a complex or wh$n saij^ fiber, protein, .ora 
fragment thereof, is part of cpmplex^such as an adenovirus 
capsid. -sw^hbj r ./ . . . . 

25 In one embodiment of the invention is;, provided a gene, 
delivery vehicle comprising an* adenovirus- fiber protein 
wherein said fiber protein compel spR t a. tissue determining 
fragment of an adenovirus of subgroup. B adenovirus preferably 
of adenovirus 16. Adenovirus fiber,, protein comprises three 
30 functional domains. One domain, the, base, is responsible for 
anchoring the fiber to a penton , bas.e ; qf , the adenovirus 
capsid. Another domain, the knob, ,is~ responsible for receptor 
recognition whereas the shaft ^domain functions as a spacer 
separating the base from the knob, .The different domains may 
al so have other function. For instancy, ,:the ,s.haft is 
presumably also involved in tar^t^Cfill, ^pecif icity. Each of 
the domains mentioned above may be^use^d to define a fragment 
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of a fiber- However, fragments may also be identified in 
another way- For instance the knob domain comprises of a 
receptor binding fragment and a shaft binding fragment. The 

base domain comprises of a penton base binding fragment and a 

i | 

shaft binding fragment. Moreover, tljie shaft comprises of 
repeated stretches of amino acids. Bach of these repeated 
stretches may be a fragment. 

A tissue tropism determining fragment of a fiber protein may 
be a single fragment of a fiber protein or a combination of 
fragments of at least one fiber protein, wherein said tissue 
tropism determining fragment, either alone "or iti combination 
with a virus capsid, determines the efficiency with which a 
gene delivery vehicle can transduce a given cell or cell 
type, preferably but not necessarily in a positive way. With 
a tissue tropism for liver cell& is meant a tissue tropism 
for cells residing in the liyer, /preferably liver parenchyma 
cells. 

A tissue tropism for a certain ti^s^e may-be provided^by 
increasing the efficiency with , which j> cells of said tissue are 
transduced, alternatively, a % ttseue t |ropism, for a, certain 
tissue may be provided by decre^^^ng F the ef f f piency^with 
which other cells than the cells of said tissue are 
transduced. 
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Fiber proteins possess tissue tropisni determining properties. 
The most well described fragment o£ p the fiber protein 
involved in tissue tropism is, the, knob domain. However, the 
shaft domain of the fiber protf in v also possesses tissue 
tropism determining properties, Howfvpr, not all of the 
tissue tropism determining propert j.es 1: of an adenovirus, capsid 
are incorporated into a fiber protein. 

In a preferred embodiment of the invention, a fiber protein 
derived from a subgroup B adenovirus f \ preferably adenovirus 
16, is combined with the non- fiber,, capsid proteins from an 
adenovirus of subgroup C, prefe^t3l^ g pf adenovirus 5. . 
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In one aspect of the invention is provided a gene delivery 

vehicle comprising a nucleic acid derived from an adenovirus . 
In a preferred embodiment of the invention said adenovirus 
nucleic acid comprises at least one nucleic acid sequence 
5 encoding a fiber protein comprising at least a tissue tropism 
determining fragment of a subgroup B adenovirus fiber 
protein, preferably of adenovirus 16. In a preferred aspect 
said adenovirus comprises nucleic acid from at least two 
different adenoviruses. In a preferred aspect said adenovirus 

10 comprises nucleic acid from at least j two different 

adenoviruses wherein at least one nucleic acid sequence 
encoding a fiber protein comprising at least a tissue tropism 
determining fragment of a subgroup Bj adenovirus fiber 
protein, preferably of adenovirus 161 

15 In a preferred embodiment of th?£ invention said adenovirus 
nucleic acid is modified such ;! tha£ jt^e , papacity of 
adenovirus nucleic acid to repl ; icfte*!in^a; target cell has 
been reduced or disabled, Thisijiiay^bp, achieved through 
inactivating or deleting genes , encoding, early region 1 

20 proteins. pri$3i\g r< ■ : 

In another preferred embodiment Ti s^ici 3 adenovirus nucleic acid 
is modified such that the capap^ty o| a &ost t immune .system to 
mount an immune response against - adenovirus proteins encoded 
by said adenovirus nucleic acid l% h£f r b t een, reduced or di,sabled, 

25 This may be achieved through delation of genes encoding 
proteins of early region 2 and/or, e^ar^y region 4. 
Alternatively, genes encoding ^ay^ f r^gipn,3^ proteins,, may be 
deleted, or on the contrary, considering, the ant i- immune 
system function of some of the, pr^teihs encoded by the genes 

30 in early region 3, the expression of^jparly region 3 proteins 
may be enhanced for some purpos£ s s^ c Aljs.o, the adenovirus, 
nucleic acid may be altered by a, combination of two or more 
of the specific alterations of th.e . adenovirus nucleic acid 
mentioned above. It is clear that when essential genes are 

35 deleted from the adenovirus nucleic acid, the genes must be 
complemented in the cell that ;Ls going to produce the 
adenovirus nucleic acid, the adenovirus vector, the vehicle 
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or the chimaeric capsid. The adenovirus nucleic acid may also 
be modified such that the capacity of a host immune system to 
mount an immune response against adenovirus proteins encoded 
by said adenovirus nucleic acid has been reduced or disabled, 
in other ways then mentioned above, for instance through 
exchanging capsid proteins, or fragments thereof, by capsid 
proteins, or fragments thereof/ from other serotypes for 
which humans do not have, or have low levels of, neutralizing 

antibodies. Another example of t : his is the exchange of genes 

i 

encoding capsid proteins with th|e gen.es encoding for capsid 
proteins from other serotypes- Also capsid proteins;/ or 
fragments thereof, may be exchanged for other capsid 
proteins, or fragments thereof, for which individuals are not 
capable of, or have a low capacity of, raising an immune 
response against, - 7 

An adenovirus nucleic acid may .altered, further or instead 
of one or more of the alterations mentioned above , by - 
inactivating or deleting genes^ -pn^^i^g L adenoyirus late 
proteins such as but not-limited . /tp , ^tiexon,, ponton, fiber 
and/or protein IX. - fv^ r 4 • r 

In a preferred embodiment of the .ihy^entipn all genes encoding 
adenovirus proteins are deleted, .from^aid^ adenovirus, nucleic 
acid, turning said nucleic acid into a minimal adenovirus 
vector, „„, 
In another preferred embodiment pf^the invention said 
adenovirus nucleic acid is an ;Ad/AAy chimaeric vector, 
wherein at least the integration meAn v s of .an adeno -associated 
virus (AAV) are incorporated into- said adenovirus nucleic 
acid. 

In a preferred embodiment of the invention, a vector or a 
nucleic acid, which may be one and .the same or not, according 
to the invention further comprises ^t-^least one non- 
adenovirus gene. Preferably, at c least v one of said non- 
adenovirus gene is selected f rojr\: the group of gen§s encoding: 
an apolipoprotein, a ceNOS, a herpes simplex virus thymidine 
kinase, an interleukin-3, an interl.e\y^in-la, an 
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(anti) angiogenesis protein such as angiostatin, an anti- 
proliferation protein, a vascular endothelial growth factor 
(VGAF) , a basic fibroblast growth factor (bFGP) , a hypoxia 
inducible factor la (HIF-la) , a PAI-1 or a smooth muscle 
5 cell anti -migration protein. 

In another aspect, the invention provides a cell for the 
production of a gene delivery vehicle provided with at least 
a tissue tropism for smooth muscle cejlls and/or endothelial 
cells. In another aspect/ the invention provides a cell for 

10 the production of a gene delivery vehicle deprived of at 
least a tissue tropism for liver cells, In another fjaspect, 
the invention provides a cell for the production of a gene 
delivery vehicle provided with at least a tissue tropism for 
smooth muscle cells and/or endothelial cells and deprived of 

15 at least a tissue tropism for liver cells. In a preferred 
embodiment of the invention said £ c^3^ K is an M adenovirus \ 
packaging cell, wherein an ader^viriig), nucleic acid, is t \ 
packaged into an adenovirus cap,sid. : = F In one aspect of an 
adenovirus packaging cell of thp jinprepLtipn all prpteins; 

20 required for the replication and packaging of an adenovirus 
nucleic acid, except for the proteins,, encoded by early region 
1, are provided by genes incorppj:ate L di in said adenovirus 
nucleic acid. The early region f l : ^cp^ed, proteins in this 
aspect of the invention may be ; encp$ej£ by genes incorporated 

25 into the cells genomic DNA. In ^pre#prred embodiment- of the 
invention said cell is PER, C6 - a (ECAC.^ ^deposit number , 
96022940) . In general, when gene ; .products required for the 
replication and packaging of ^denovi^us nucleic acid into 
adenovirus capsid are not provide djb^a adenovirus nucleic 

3 0 acid, they are provided by the packaging cell 7 either by 

transient transf ection, or through, .stable ■ transformation of 
said packaging cell- However, a gene, product provided by the 
packaging cell may also be proyided a. gene present on said 
adenovirus nucleic acid. For instancy fiber protein may be 

35 provided by the packaging cell,, fo^, instance through 

transient transf ection, and may, fce ^eijcodjed by the adenovirus 
nucleic acid. This feature can. among, c ot;hers be used to 



or disease treatable by- 
cells or smooth muscle 
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generate adenovirus capsids comprising of fiber proteias from 
two different viruses. 

The gene delivery vehicles of the invention are useful for 
the treatment cardiovascular disease 
5 nucleic acid delivery to endothelial 

cells- A non- limiting example of the latter is for instance 
cancer, where the nucleic acid transferred comprises a gene 
encoding an anti-angiogenesis protein, 

The gene delivery vehicles of the invention may be used as a 
10 pharmaceutical for the treatment of said diseases, 

Alternatively, gene delivery vehicles of the invention may be 
used for the preparation of a medicament for the treatment of 
said diseases. 

In one aspect the invention provides jan adenovirus capsid 

15 with or provided with a tissue^ Cropism for smooth muscle 

cells and/ or endothelial cells^wh^r^p, s^id capsid preferably 
comprises proteins from at least two jiif ferent adenoviruses 
and wherein at least a tissue tropis^ determining fragment of 
a fiber protein is derived f rqpj ^^j^b^roup B adenqvirus,; 

2 0 preferably of adenovirus 16, Irv xc aR9^her .aspect , the ^invention 
provides an adenovirus capsid deprived of ,a tissue tropism 
for liver cells wherein said C£psid r j^referably; cqmprises 
proteins from at least two dif fejr^jt^ ;r adenoviruses and wherein 
at least a tissue tropism determining^ ragment of a fiber 

25 protein is derived from a subgrpup<B .^adenovirus , preferably 
of adenovirus 16, -,;r^;Je& ■ 

In one embodiment the invention.domprises the use of an 
adenovirus capsid, for the delivery of nucleic acid to smooth 
muscle cells and/or endothelial v celis±_ In .another embodiment 

30 the invention comprises the use |Of, t a^adenovirus capsid, for 
preventing the delivery of nuqle.ia T ag4.d pp - liver cells 
The adenovirus capsids of the drpe L njtion .may be used for the 
treatment cardiovascular disease^ or; disease treatable c by , 
nucleic acid delivery to endothelialjj-riells or smooth muscle' 

35 cells. Example of the latter i^s, for, r ihstance cancer where the 
nucleic acid transferred comprises-^ g-ene encoding an anti- 
angiogenesis protein. m.^-M m < 
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The adenovirus capsids of the irivention may be used as a 
pharmaceutical for the treatment of said diseases, 
Alternatively, adenovirus capsids of 
used for the preparation of a medicament for the treatment of 
5 said diseases , 

In another aspect of the invention is provided construct 
pBr/Ad,BamRAFib, comprising adenovirus 5 sequences 21562- 
31094 and 32794-35938. 

In another aspect of the invention is provided construct 
10 pBr/AdBamRf ibis, comprising adenovirus 5 sequences 21562- 
31094 and 32794-35938, further comprising an adenovirus 16 
gene encoding fiber protein. 

In yet another aspect of the invention is provided construct 
pBr/AdBamR.pac/fibl6, comprising adenovirus 5 sequences 
15 21562-31094 and 32794-35938, father (Comprising an adenovirus 
16 gene encoding fiber protein, ' L ^r^ lt ^prt^r r cpmprising, a 
unique Pad -site in the proximity r of € phe; adenovirus 5 right 

terminal repeat , in the non-ade;noyijnus sequence backbone of 

1 

said construct. m^dicgnk^'t i;>!, -l.* i 

20 In another aspect of the invention is; provided construct 

pWE/Ad-AflIIrITRfibl6 comprising Ad5, ^sequence 3534-31094 and 
32794-35938, further comprising ,aivjadenqvirus 16 gene 
encoding fiber protein. 

In another aspect of the invention isi : , provided, construct 
25 pWE/Ad . Af HIrITRDE2Af iblS comprising Ad5 sequences 3534-22443 
and 24033-31094 and 32794-3593.8 , further comprising an 
adenovirus 16 gene encoding fiber protein. 

In the numbering of the sequences, mentioned above, the number 
is depicted until and not unti|l !t plu% n ^w ,^ <, IU , * . 

30 r „ : r i Nrr [ - ■ - - 

In a preferred embodiment of the ,|,inv^htion said constructs 
are used for the generation of E ; a- .gene ^delivery vehicle or an 
adenovirus capsid with a tissue tropi^jn for smooth, muscle 
cells and/or endothelial cells. j 

35 In another aspect the invention .provides a library of 

adenovirus vectors, or gene delivery; vehicles which may be 
one and the same or not, comprising ^large .selection of non- 
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adenovirus nucleic acids. In another;; aspect of the invention, 
adenovirus genes encoding capsid proteins are used to 
generate a library of adenovirus qap^ids, comprising of 
proteins derived from at least" two different : adenoviruses, 
5 said adenoviruses preferably being derived from two different 
serotypes, wherein preferably, one serotype is an adenovirus 
of subgroup B. In a particularly preferred embodiment of the 
"invention a library of adenovirus capsids is generated 
comprising proteins from at least two different adenoviruses 
10 and wherein at least a tissue tropism determining fragment of 
fiber protein is derived from an adenovirus of subgroup B, 
preferably of adenovirus 16. 

A fiber protein of adenovirus 16 preferably comprises of the 
15 sequence given in figure 9. However within the scope of the 
present invention analogous sequ^ng^ may^ be obtained^ through 
using codon degeneracy. Alternative!^ amino-acid 
substitutions or insertions or, deletions. may !f be performed as 
long as the tissue tropism det^eijminiji^f; prpp^rty, is v npt dC 
20 significantly altered. Such amin6- : aci^ substitutions may be 
within the same polarity group L qg >|iJ^hout s - , ; v ; 

In the following the invention] ^Illustrated by a, number of 
non-limiting examples. ^ v ~ !; * w j 
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EXAMPLES 

Example 1: Generation of adenovirus serotype 5 baaed viruses 
with chlmaeric fiber proteins 



5 Generation of adenoviru s template rl nnps , lacking DNA encoding 
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for fiber 

The fiber coding sequence of adenovirus serotype 5 is located 
between nucleotides 31042 and 32787. To remove the adenovirus 

i 

serotype 5 DNA encoding fiber we started with_„construct 
pBr/Ad.Bam-rlTR (Figure X; BCACC depbsit P970B2iW)\ i ' Prom 
this construct first a Ndel site was' removed. For this 
purpose, pBr322 plasmid DNA was digested with Ndel after 
which protruding ends were filled using Klenow enzyme. This 
pBr322 plasmid was then re-ligated f digested with Ndel and 
transformed into £. coli DHScc. The obtained pBr/ANdel 
plasmid was digested with Seal a;id Sail and the resulting 
3198 bp vector fragment was ligatecTto the 15349 bp Seal-Sail 
fragment derived from pBr/Ad.BamrlTR,j resulting in plasmid 
pBr/Ad.Bam-rlTRANdel which hence, contained a unique Ndel 
site. Next a PCR was performed LW^ibhj^liggnucleotides "NY -up" 
and "NY-down" (Figure 2) . During amplification, both a Ndel 
and a Nsil restriction site werecinfeiroduced. to> facilitate 
cloning of the amplified fiber DNAs i Amplification consisted 
of 25 cycles of each 45 sec. at* 943C*i|t l- min. at 60°C,"and 45 
sec. at 72 °C. The PCR reaction: contained 25 pmol of 
oligonucleotides NY-up or NY- ddwn , w2 niM dNTP , PCR buffer with 
1.5 mM MgCl2, and 1 unit of Elongasesiheati stable polymerase 
(Gibco, The Netherlands). One A tenth- «t the PCR product was 
run on an agarose gel which demohstiralfed that the expected 
DNA fragment of ± 2200 bp was 'amplified. : This PCR fragment 
was subsequently purified using Genealean kit system. (BioiOl 
Inc.) Then, both the construct ;pBr/Ad ; Bam-rITRANdeI as well 
as the PCR product were digested, with.irestriction enzymes 
Ndel and Sbfl. The PCR fragment wasoSAibsequently ■ cloned using 
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T4 ligase enzyme into the Ndel and Sbfl sites thus generating 
pBr/Ad.BamRAFib (Figure 3) . 
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Amplification of fiha-r s equences from adenovirus -serotypes 
To enable amplification of the DNAs encoding fiber protein 
derived from alternative serotypes degenerate 
oligonucleotides were synthesized. Ejorj this purpose, first 
known DNA sequences encoding for fiber protein of alternative 
serotypes were aligned to identify conserved^ regions in both 
the tail region as well as the knob Iregion of trfe' ¥i&er 
protein. From the alignment, which contained the nucleotide 
sequence of 19 different serotypes representing all 6 
subgroups, (degenerate) oligonucleotides were synthesized 
(see Table I) . Also shown in table 3 is the combination of 
oligonucleotides used to amplify- the s foNA encoding fiber 
protein of a specific serotype. The amplification reaction 
(50 ul) contained 2 mM dNTPs, 25 pmol of each 
oligonucleotide, standard lx PCR buffer, 1,5 mM MgCl2, and 1 
Unit Pwo heat stable polymerasett(Bjaetein$er .Mannheim),; per 
reaction. The cycler program contaisaejd 20r cycles; each 
consisting of 30 sec. 94°C, SOcsec-s 6i0-64°C, - and 120 sec. 
72 «C. One -tenth of the PCR product . was run- on, an, agarose gel 
to demonstrate that a DNA fragments Wae amplified; Of, each 
different template, two independent fSRs reactions were: 
performed. r: i< ->v>-, 4-- ■ 



Generation of chimaerin adenoviral i>NK constructs 
All amplified fiber DNAs as weii b as Ihe vector 
(pBr/Ad.BamRAFib) were digested with" Ndel and Nsil. The 
digested DNAs were subsequently' run'' oh a agarose gel after 
which the fragments were isolated Irbtn the gel and purified 
using the Geneclean kit (BiolOl lncK f, The PCR fragments were 
then cloned into the Ndel and Nsil '"si-fees of pBr/AdBamRAFib, 
thus generating pBr/AdBamRFibXX (where;' XX stands for the 
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serotype number of which the fiber DNA was isolated) . The 
inserts generated by PCR were: sequenced to confirm correct 
amplification. The obtained sequences of the different fiber 
genes are shown in Figure 4 - j 

5 ; 

Generation of recombinant adenovirus chimaeric for fiber 
protein j 

To enable efficient generation of chimaeric viruses an Avrll 
fragment from the pBr/AdBamRFibl6, pBr/AdBamRFib28, 
10 pBr/AdBamRFib40-L constructs was subcloned into the, vector 
pBr/Ad.Bam-rITR.pac#8 (ECACC deposit #P970B2121)' ! replacing 
the corresponding sequences in this vector. pBr/Ad.Bam- 
rITR.pac#8 has the same adenoviral insert as pBr/Ad.Bam~rITR 

but has a Pad site near the rlflJR that enables the ITR to be 

I 

15 separated from the vector sequences* ;The construct 

i i ]':°r Dlv ■ *- ^ ■ \ 
pWE/Ad. Af lII-Eco was generated as~"$6liows\ PWE.pac was 

digested with Clal and the 5 prime protruding ends were 

filled in with Klenow enzyme. The DNA was then digested with 

Pad and isolate from agarose gel, PWE/Af lllrlTR was 

20 digested with EcoRI and after treatment with Klenow enzyme 
digested with Pad. The large ^24..^*-. fragment containing the 
adenoviral sequences was isolated from agarose gel and 
ligated to the Clal digested and, blunted pWE.Pac vector. Use 
was made of the ligation express i kit Ct ~£romi Clontech. After 

25 transformation of XLlO-gold cells from Stratagene, clones 
were identified that contained] the, : expected construct, 
PWE/Ad >AlfII-Eco contains Ad5 ^sequences from basepairs 3534- 
27336. Three constructs, pClipsal r Luq ;i (Figure 5) digested 
with Sail, pWE/Ad.Aflll-Eco digested^with Pad and EcoRI and 

30 pBr/AdBamR,pac/fibXX digested E i wit]x JBamHI and Pad were 

transfected into adenovirus prtfd£p&£ 0 pe\l& (PER.C6, Fallaux 
et al, 1998) . Figure 6 schemat^ically^epicts the^ method and 
fragments used to generate the 'Chima^fic viruses ; Only.. * 
pBr/Ad.BamRfibl2 was used without), subt^loning, in the Pad 

35 containing vector and therefor was-npjl liberated from vector 

sequences using Pad but was digested with Clal which leaves 

i 
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approximately 160 bp of vector %ei^||n<bes attached to the 
right ITR. Furthermore, the pBr/Ad<$ainRfibl2 and 
pBr/Ad.BamRfib28 contain an internal. BamHI site in the fiber 
sequences and were therefor digested with Sail which cuts in 
the vector sequences flanking the \ BamHI site. For 
transfection, 2 ug of pCLlPsal-Luc, and 4 ng of both 
pWE/Ad.Aflll-Eco and pBr/AdBamRlpac/f ibXX were diluted in 
serum free DMEM to 100 fil total volume. To this DNA 
suspension 100 ]xl 2.5x diluted lipofectamine (Gibco) in 



10 serum-free medium was added. Afier, 
temperature the DNA-lipofectamife 



.jf.uimitotes at room 
icoWplex > solut ion! I was added 
ilbsisquentlyj added to 
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to 2.5 ml of serum-free DMEM whicH|ifiSs 
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a T25 cm 2 tissue culture flask. « 

cells that were seeded 24 -hours "priok to' transfection at a 
density of 1x10 s cells/flask- T&f> hours later, the DNA- 
lipofect amine complex containing^ medium^ was.- diluted -pnce by 
the addition of 2.5 ml DMEM sjippleaieictedrwith 20% fetal calf 
serum- Again 24 hours later th^bm^ltLm '^asi replaced feyr fresh 
DMEM supplemented with 10% feft«gesv&f, ^rum^s CeLl^i w.ere , 
cultured for 6-8 days, subseq^enfcilyE^aryested, and 
freeze/thawed 3 times. Cellular^ d^bpis ^as jremoved by 
centrifugation for 5 minutes ^fe^^O/fP^^oom, temperature. 
Of the supernatant (12.5 ml) 3-5 ngiiigafi. used to infect again 

PER . C6 cells (T80 cm 2 tissue dultur# f f lasks) - This -re- ' 
infection results in full cytojpafehog^hic effect (CPE) after 
5-6 days after which the adenovirals harvested as - 



described above. 



1 



Production of fiber chimeric adeh5^i§4s • 
10 ml of the above described cfiicie ^Tsate-wag used t6 
inoculate a l liter fermentor WMcK^fetttained' l 1 ^ 1,5 k 10 6 
PER.C6 cells/ml growing in su3$^&i r 6ni 
inoculation, the cells were ha^esl r ^k L: 

centrifuging for 10 min at 1750^lpfff'kt room tempetature. The 



Three "days'" af Set 
and % pelleted by v 



chimeric adenovirus present in 1 ' 1 tfife^eflfletid' cells was 
subsequently extracted and puri'f i^^&ing "the following 
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downstream processing protocol- The pellet was dissolved in 
50 ml 10 mM NaP0 4 ~ and frozen at -2Q°C. After thawing at 37°C, 
5.6 ml deoxycholate (5% w/v) was added after which the 
solution was homogenated. The solution was subsequently 
5 incubated for 15 minutes at 37*C to Completely crack the 
cells- After homogenizing the solution, 1875 \il (1M) MgCl 2 " 
was added and 5 ml 100% glycerol. After the addition of 375 
1*1 DNase (10 mg/ ml) the solution was incubated for 30 
minutes at 37 6 C. Cell debris was removed by centrir ugation at 

10 1880xg for 30 minutes at room [temperature without Jthe brake 
on. The supernatant was subsequently purified firp f m(i proteins 
by loading on 10 ml of freon. Upon centrif ugation for 15 
minutes at 2000 rpm without brake at ; room temperature three 
bands are visible of which the upper band represents the 

15 adenovirus. This band was isolated by pipetting after which 
it was loaded on a Tris/HCl (£JJ) buffered -caesiumchloride 
blockgradient (range: 1-2 to t l*4 grr/ml) v Upon centrifugation 
at 21000 rpm for 2-5 hours at jLj9,?C gfefte. virus , was, ipurified 
from remaining protein and cellgji?brip- ( since the ^irusj in 

20 contrast to the other components^ tcdQes, not migrate into the 
1.4 gr«/ ml caesiumchloride solufcipiv^ The ] virus band is 
isolated after which a second^puyif^patio^.iusing^ aiTris/ HCl 
(1M) buffered continues gradi§^toof w ,3L ? 33Tigr ; ^ /ml of- */ 
caesiumchloride is performed, ^Atter^vjLrus ; loading qn top of 

25 this, gradient the virus is ce^itri£jiged for 17 hours at 55000 
rpm at 10°C, Subsequently the v,^|jg jband .is isolated and 
after the addition of 30 |xl of gucapsjfe. (50 v?/v) excess 
caesiumchloride is removed by } three ^rounds of dialysis, each 
round comprising of 1 hour. For dialysis, ,the : virus, , is . 

30 transferred to dialysis slides i .(Sl^dgcra-lizer, cut, of f 10000 
kDa, Pierce, USA) - The buffers^used^fpr, dialysis are PBS 
which are supplemented with an. incr^a^ing concentration of 
sucrose (round 1 to 3 : 30 ml, 60 ml/ i; and 150 ml sucrose (50% 
w/v)/ 1.5 liter PBS, all supplements^ with. 7,5 ml 2% (w/v) 

35 CaMgClj) - After dialysis, the yirus is f removed from, the 

slide-a-lizer after which it isj§Ji^ote<i .in portions of 25 

pvt.* It :v f-F f • ' ' 



and 100 ul upon which the virus is stored at -85 0 c. To 



ua of the 



determine the number of virusparticles per ml, 50 
virus batch is run on an high pressure liquid chromatograph 
(HPLC) as described by Shamram et al (1997) . The virus titers 
were found to be in the same range as the Ad5 . Luc j virus batch 
(Ad5.LuC: 2.2 x 10 11 vp/ ml; Ad5 .LucFibl2 : 1.3 X 10 11 vp/ ml ; 
Ad5.LucFibl6: 3.1 x 10 12 vp/ ml; ! Ad5 .LucPib28 : 5.4 |x 10 10 vp/ 
ml; Ad5.LucFib40-L: 1.6 x 10 12 v£/ ml] 



Example 2 : biodistribution of \ chimeric viruses af tier 
intravenous tail vein injection 1 of rats. '">>, n,| , 



the chimeric 
28, or 40-2, 1x10" 



To investigate the biodistribution 05 
adenoviruses carrying fiber 12, 16, 
particles of each of the generated virusbatches was diluted 
in 1 ml PBS after which the Viirustwae,, .injected in the' tail 
vein of adult male Wag/Rij ra£^ :( (3 ; , r at s/r, virus) , As. a 
control, Ad5 carrying the luc^ferase^transg^ene was, used. 
Forty-eight hours after the administration -of the virus, the 
rats were sacrificed after whiph^.the^iver,,, spleen, lung, 
kidney, heart, and brain were 4( djlss ( f,cjtjs,d. y These organs- were 
subsequently mixed with 1 ml of, l ; y c sisj, .buffer (1% Triton X- 
100/ PBS) and minced for 30 seq&hds^ jo obtain a protein 
lysate. The protein lysate was subsequently tested for the 
presence of transgene expression^. fcluGif erase- activity) and 
the protein concentration was! determined to express the 
lucif erase activity per ug of protein. The results, Shown in 
Table II, demonstrate that in jjspntrasx to e the Adenovirus 
serotype 5 control, none of the _ fiberf chimeras are, targeted 
specifically to the liver or to P the spleen. This experiment 
shows that it ie possible to circumvent the uptake of 
adenoviruses by the liver by making uge of fibers of other 
serotypes. It also shows that .£ he . uptake by the liver ie not 
correlated with the length of the -fiber shaft, or determined 
solely by the ability of fiber,; knob h to; bind to CAR. The 
fibers used have different sha ft :i lengths and, except for 



3.8 

fiber 16, are derived from subgroups known to have a fiber 
that can bind CAR (Roelvink et al 1998) , 

Example 3: Chimeric viruses display differences in 
5 endothelial and smooth muscle cell transduction 



10 



A) Infection of Human endothelial ce 



lis 



.iisolat^d, cultured and 



Human endothelial cells (HUVEC) 1 were 

characterized as described previously (Jaf fa- .et al,1973; 
Wijnberg et al 1997) . Briefly, cells were cultured 'oil 
gelatin-coated dishes in M199 supplemented with 20 tnM HEPES , 
pH 7.3 (Flow Labs., Irvine, Scotland^, 10% (v/v) human serum 
(local blood bank) , 10% (v/v) he^t- inactivated newborn calf 
serum (NBCS) (GIBCO BRL, Gaithersburg, MD) , 150 ug/ ml crude 
endothelial cell growth factor, "5 U/ ml heparin (Leo' 
Pharmaceutics Products, Weesp, The Netherlands) , penicillin 
(100 IU/ ml) /streptomycin (lOQ^g^ .ml). (Boehringer Mannheim, 
Mannheim, FRG) at 37'C under 5% "(v/^ C0 a /,.95% (v/v) air 
atmosphere. Cells used for experiments were between passage 
1-3, In a first set of experiments 4Q000 HUVEC cells (a pool 
from 4 different individual sUwere sejeded in each well of 24- 
wells plates in a total volume of 200| jul . Twenty- four hours 
after seeding, the cells weregwashed-jwith PBS after which 200 
Hi of DMEM supplemented with 2%^FGS.ptas added to the cells. 



of virus (MOI =50, 



This medium contained variousyamouhts 
250, 1000, 2500, 5000, and lOOOQ-JvpThe*- viruses . used were 
besides the control Ad5, the f iber-^chlmeras 12, 16, 28, and 
40-L (each infection in triplicate) i-xTwo hours after addition 
of the virus the medium was replacedrby normal medium: -Again 
forty-eight hours later cells were washed and lysed by the 
addition of 100 fil lysisbuffer, Ihefigure, 7a y •■results . are 
shown on the transgene expression !; ,-pe«Imicrogram total protein 
after infection of HUVEC cellar^ The.se) results -show that fiber 
chimeras 12 and 28 are unable -to- infect HUVEC cells, that 40- 
L infects HUVECs with similar efficiency as the control Ad5 
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virus, and that fiber chimera 16/ infects HUVECs significantly 
better- In a next set of experiments (n = 8) , the fiber 16 
chimera was compared with the AdS.Luc vector on HUVEC for 
luciferase activity after transduction with 2500 virus 
particles per cell of each virUs. These experiments 
demonstrated that fiber 16 yields, on average/ 8.1 fold 
increased luciferase activity (SD ±!4.6) as compared with 
Ad5. In a next experiment, an equal number of virus particles 
was added to wells of 24 -well plates that contained different 
HUVEC cell concentrations. This experiment was performed 
since it is known that HUVECs are less efficiently ; infected 
with adenovirus serotype 5 when these cells reach confluency. 
For this purpose, HUVECs were seeded at 22500, 45000, 90000, 
and 135000 cells per well of 24 -well! plates (in triplicate). 
Twenty-four hours later these cVlls were infected as 
described above with medium c^nt^ai:^ p^a^UI 
virusparticles* The viruses U£f4n&$^' (besides t,he j control 
adenovirus serotype 5 f the chimezg f ( ^>er^l6. } /Th$ i^esylt of 
the transgene expression (RLU) u? p ; ^r c microg^am protein ri! 
determined 48 hours after infe^ipn T i^ef ; figure , t ~}b s \ r shows 
that the fiber 16 chimeric aden^iru^-iSvalsQ better , suited 
to infect HUVEC cells even when these, cells are .100% 
confluent which better mimics t ,an. ; 4lliviw^situati9n* Si.nce the 
Luciferase markergene does nob ig£®x,k<ie\ information- concerning 
the number of cells infected another eexperiment was performed 
with adenovirus serotype 5 and the fiber 16 chimera, both 
carrying a green fluorescent protein*: .(GFP) ! as a marker gene. 
This protein expression can be detected. using a flow 
cytometer which renders information! alpout 'the percentage of 
cells transduced as well as fluorescence per .cell. In this 
experiment cells were seeded atm^r^oftgentration of 40000 
cells per well and were expose^stp .^iitus for 2 hours. The 



virus used was AdS.GFP (8,4 XilQSi^P^ 



ml) and Ad5 . Fibl 6 GFP 



(5,1 x 10 11 vp/ ml). Cells were; expos^d. <to^a~. virus 



concentration of 500 virus particles pier;' cell. Flow 
cytometric analysis, 48 hours after ; : yirus exposure 



demonstrated that the fiber 16 



virus gives higher transgene 



expression levels per cell since thf median fluorescence, a 

GFP expression per cell, 
to Ad5 (Figure 7c) . These 



parameter identifying the amount of 
is higher with fiber 16 as compared 
results are thus consistent and demonstrate that the fiber 16 
chimeric virus is better suited to infect human primary 
endothelial cells as compared to Ad5. 



B) Infection of human smooth muscle cells 



Smooth muscle cells were isolated after isolation !df [ EC 
(Weinberg et al 1997) , The veins were incubated with medium 
(DMEM) supplemented with penicillin/! streptomycin) containing 
0.075% (w/v) collagenase (Worthingtoh Biochemical Corp,, 
Freehold, NJ, USA) . After 45 minutes the incubation medium 
containing detached cells was jj!j-us£§|l frg^th^^e^ns^^Cells 
were washed and cultured on ge^af i^co^t^d ( dishes v i,$ r culture 
medium supplemented with 10% p f gtal c ?alf , serum. and .10* ^ human 
serum at 37°c under 5% (v/v) Cp^ ?y $§$ ^(v/jy)^ air; atmosphere. 
Cells used for experiments we^q c jb§|^en- passage -3-^5, We first 
tested the panel of chimeric t f iber 0 virusee versus the, .control 
adenovirus serotype 5 for the^infeQt^on of human smooth 
muscle cells. For this purpose, 40000 human umbilical vein 
smooth muscle cells (HUVsmc) w^re ^ eeded 1 in wells of 24 -well 
plates in a total volume of 200 \xl . Twenty-four hours after 
seeding, the cells were washed ...witsha PBS after which 200 \xl of 
DMEM supplemented with 2% FCStwas added < bo the cells. This 
medium contained various amounts: of nVlrus-(MOI * 50, 250, 
1250, 2500, and 5000) , The viruses. :^used were besides the 
control Ad5 the fiber chimeraso 12/^16, ; ;28, and; 40 -L : (each 
infection in triplicate) ♦ Two ?hpureha;Jter addition « of the 
virus the medium was replaced gby 3 normal medium. Again forty- 
eight hours later cells were wished ^d 'lysed tU bynthe addition 
of 100 Jil lysisbuffer. In f igure^ / 8 a>£ results are shown of the 
transgene expression per microgram *tojiai protein after 
infection of HUVsmc cells* Thesehresults^.show that fiber 
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chimeras 12 and 28 are unable to infect HUVsmc cells , that 
40-L infects HUVsmc with similar efficiency as the control 
Ad5 virus, and that fiber chimera 16 infects HUVsmc 



significantly better- In a next set 



of experiments , smooth 
vene, arteria Iliaca, 
and aorta were tested for 
nd Ad5 (both carrying 



5 muscle cells derived from saphenous 
left interior mammory artery (LIMA) 
infection with the fiber 16 chinera* 
lucif erase as a marker gene) ^ These {experiments (n - 11) 
demonstrated that, on average, the fiber IS chimera yielded 

10 61.4 fold increased levels in , lytcif erase activity (SD ± 54.8) 
as compared to Ad5. The high standarji deviation *;(SD)>, is 
obtained due to the finding that the! adenoviruses used vary 
in their efficiency of infection of SMC derived from 
different human vessels. In a next experiment, an equal 

15 number of virus particles was afdded to wells of 24 -well 

plates that contained dif f erent t HUygmc cell ^concentrations 
confluency, Por this purpose,^ gUVspfCf were seeded jat 10000, 
20000, 40000, 60000, and 800QO trtt cp.llf gper^weJLl of <,2 { 4,-well 
plates (in triplicate). Twentjy^jfc^^ 

20 were infected as described abp#,e r fell, medium containing 2 x 
10 a virusparticles. The viruses; jus§,$ were, .besides { the : 
control adenovirus serotype 5 f ;] 3 t^e r g^ 16* The 

result of the transgene expressions |RpU) ? per microgram 
protein determined 48 hours a£ ter :i infect ion , (see, figure 8b) 

25 shows that the fiber 16 chime^ici x adgnpvirus is better?-. suited 
to infect smooth muscle cells ^vpn^hen these cells are 100% 
confluent which better mimics r: ja$ r iij^yivo- situation. 
To identify the number of SMCs ; transduced with the fiber 16 
chimera and Ad5, we performed ^transduction experiments with 

30 Ad5 , GFP and AdBFiblS.GFP (identical ^batches as used for EC 
infections) . Human umbilical vein: jSItf&r were seeded at ai 
concentration of 60000 cells perowell in 24 -well plates and 
exposed for 2 hours to 500 on 5 o t Qpi Varus, particles per cell 
of AdB.GFP or Ad5Fibl6 »GFP. Forty-eight hours after exposure 

35 cells were harvested and analyzed usiiig a flow cytometer. The 
results obtained show that th& n f ib&&\ mutant yields . 



approximately 10 fold higher transduction of SMC since the 
GFP expression measured after transduction with sooo virus 
particles of AdSvGFP is equal to GFE expression after 
transduction with 500 virus particles per cell of the fiber 
16 chimera (Figure 8c) . 



C) Subgroup B fiber mutants other than fiber 16 
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The shaft and knob of fiber 16 are derived from adenovirus 
serotype 16 which, as described earlier, belongs to subgroup 
B. Based on hemagglutination assays, jDNA restriction i 
patterns, and neutralisation assays the subgroup B viruses 
have been further subdivided into subgroup Bl and B2 (Wadell 
et al 1984), Subgroup Bl members inci.ude serotypes 3, 7, 16, 
21, and 51. Subgroup B2 member^ ^include 11, 14, 34 , and 35* 
To test whether the increased irif fg^on: of smooth muscle 
cells is a trade of all fiber? d^r^/eci from subgroup ,B or 
specific for one or more subgyojig gpjiber molecules*, £ we 
compared fiber 16 and fiber 5^ u (bo E t^j subgroup^ Bl). ; with fiber 
11 and fiber 35 (both subgroup B2) . tox this purpose HUVsmc 
were infected with increasing amounts of virus particles per 
cell (156, 312, 625 f 1250, 25flp* H 50|3 j Q < ) j , The fiber mutant all 
carry the Lucif erase marker gene {AdBFibll ,Luc: 1-1 x 10" 
vp/ml; Ad5Fib35Luci 1,4 x lO^yp/ml Ad5Fib51Luc : 1.0 X 10 12 
vp/ml) , Based on the Lucif erase, ^ act jyity measured and shown 
in Figure 8d, efficient inf ection ; of t SMC is not a general 
trade of all subgroup B fiber ipgieGUles* Clearly, fiber. 16 an 
fiber 11 are better suited fort infection of SMC t han fiber 35 
and fiber 51* Nevertheless, all r subgrpup, B~ fiber mutants 
tested infect SMC better as compared; ko Ad5, 



1 icU'acti 



D) Organ culture experiments 



driven- r:i : - - t , T 

n -up B f\- i . ' ; ' 
We next identified whether the , observed difference in 

transduction of EC and SMC using,, the piber 16 chimera or the 

Ad5 can also be demonstrated in .org^n- culture experiments * 

Hereto, We focused on the follp]wing r , f t|.ssues: 1) Human 



Saphenous vein: the vein used in approximately 80% of all 
clinical vein grafting procedures 

2) Human pericard/ epicard: fori delivery of recombinant 
adenoviruses to the pericardial' fluijd which after infection 
of the percardial or epicardial 1 cells produce the protein of 
interest from the transgene carried by the adenovirus. 

3) Human coronary arteries: for percutaneous transluminal 
coronary angioplasty (PTCA) to prevent restenosis. Of the 

coronary arteries we focused on the Left artery descending 

i 

(LAD) en right coronary artery (RCA) I J , 

Parts of a human saphenous vein j left | over after [jsre^nngraf t 

surgery were sliced into pieces iof approximately 0,5 cm. 



These pieces (n~3) were subsequently 
200 ml of 5 xlQ 10 virus particles per 



cultured for 2 hours in 
ml. After two hours 



virus exposure the pieces were ^ksheci with PBS and cultured 
for another 48 hours at 37°C in ^ \9&'£9%t incubator . The 
pieces were then washed fixat§4 r and stained for LacZ 
transgene expression. The viruses^f^e £d5.rLacZ ,(2,|. 2,.x l| 10 12 
vp/ ml), the fiber 16 chimera^dSFibl'S .LtacZ (5.2 x 10 11 vp/ 
ml), and A fiber 51 chimera: £d5Fib5], ? LacZ , (2 ,l,x ID 12 yp/ 
ml) . The pieces of saphenous y$:LnjW§rg m^crosqopically 
photographed using a digital camera^—pased on LacZ, transgene 
expression obtained after 2 hours,;, of e yirus exposure on , 
saphenous vein slices, both the n f jL£erLl6; and, the fiber, ,51 
chimeric viruses give higher infection since much more blue 
staining is observed using thesis viruses as compared to 
AdS.LacZ (Figure 8e) , Identical .experiments, as described on 
saphenous vein were performed ^ith|. : hurian} pericard and, .the 
human coronary arteries: RCA aijd^LfiJQ. Results of; these. - r 
experiments (Figures 8f-8g-8h -re^peglivelLy), together, with the 
experiments performed on primary ipejltkp confirmed it tie ^ 
superiority of the fiber 16 and -jS^r^ufiants as: compared to Ad5 
in infecting human cardiovascular^ tiffjaes i ■ 



E) CAR and integrin expreesionjO^thurofkn EC and SMC 
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is clear that the 



From the above described results it 
chimeric adenovirus with the shaft and knob from fiber 16 is 
well suited to infect endothelial cells and smooth muscle 
cells, Thus, by changing the fiber protein on Ad5 viruses we 
5 are able to increase infection of cells that are poorly 
infected by Ad5 t The difference between Ad5 and Ad5Fibl6, 
although significant on both cell types , is less striking on 
endothelial cells as compared to smooth muscle cells. This 
may reflect differences in receptor expression. For example, 

10 HUVsmc significantly more a v p5j intjegrirte thaiji HUVEC (see 
below). Alternatively, this difference may be ; du^ ^pi2'" I 
differences in expression of th6 receptor of fiber 16, 
Ad5*LucFibl6 infects umbilical Vein smooth muscle cells 
approximately 8 fold better thari umbilical vein endothelial 

15 cells whereas in case of Ad5 .LiM viruses endothelial cells 

are better infected than smoo.t^musgle .cells* To. test,, whether 
hdS infection correlated with jrsgeptg^ expression of these 
cells the presence of CAR and^a^integrins , was assayed on a 
flow cytometer. For this purpose l^l^l HUVBC ^ cells or :] HUVsmc 

20 were washed once with PBS/ 0-5$ pjSAc&f t$x\ which, the cells 

were pelleted by centrifugatipn^fori:^ minutes at 1750 rpm at 
room temperature- Subsequently^ 10 {Jtl^of , a; 100 times diluted 
<x v p3 antibody (Mab 1961, Brunswick rchsmie* Amsterdam, The 
Netherlands) , a 100 times diluted antibody cc v p5 (antibody 

25 (Mab 1976, Brunswick chemie, Amsterdam, uThe Netherlands) , or 
2000 times diluted CAR antibody?: Was* ac kind gift of Dr. 
Bergelson, Harvard Medical School, r Bo* tonv USA; {Hsu et al) 
was added to the cell pellet afteri:which the cells were 
incubated for 30 minutes at 4°Q ^in^aric ark ^enri r onment i ] After 

30 this incubation, cells were waShedr twice ■ with PBS/0-5% BSA 
and again pelleted by centrifugatio&;for 5 " minutes 1 " at 1750 
rpm room temperature. To label the ceils, \. 10 ml of rat. anti 
mouse IgGl labeled with phycoerythrine* (PE) was added to the 
cell pellet upon which the cellsew^jreo^gain 1 inculpated for 30 

35 minutes at 4°C in a dark environment,. ^Finally < the cells were 
washed twice with PBS/0.5% BSA . and ; analyzed. on a flow. 

- : r, ui r 
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cytometer. The results of these 1 experiments are shown in 
table III, From the results it can be concluded that HUVsmc 
do not express detectable levels of CAR confirming that these 
cells are difficult to transducte with an adenovirus which 
enters the cells via the CAR receptor. 



F) Infection of human A549 cells 



10 As a control for the experiments perifoimed oh 1 endothelial 
cells and smooth muscle cells, A549 cells were inf^0]ted to 
establish whether an equal amount of 
different chimeric adenoviruses show 

in tranggene expression on cell lines that are easily 

15 infected by adenovirus. This i^ £ to -investigate whether the 
observed differences in infect^jprioepici^ricy on endothelial 
and smooth muscle cells are ce^l 0 t^^« specific, ; For this 
purpose, 10 s A549 cells were seeded^in ?24vwell pJLafces j in a 
volume of 200 fil ■ Two hours ajtef $ egging the t medium x w^s 

20 replaced by medium containing fpfrgjit amounts of particles 
of either fiber chimera 5, 12, 16, or 40-L (MOI = 0, 5, 10 , 
25, 100, 500) . Twenty-four hours after the addition of virus, 
the cells were washed once withiJ>BS after which the cells 
were lysed by the addition of 100 jxl lysisbuffer to each well 

25 (1% Triton X-100 in PBS) af ter,^which ( H:ransgene expression 
(Lucif erase activity) and the^proteino concentration . was 
determined. Subsequently, thenlu^ifgraser'activity per fig 
protein was calculated. The data^^sbowni ifi table; IV, > ■ 
demonstrate that AdS.Luc viruses itif^t A549> cells most 

30 efficient while the infection £f f i^ifcAcy^of AdSLucFihie or 
AdSLuc F ib4 0 - L is a few times loW<er .r ; 5Efris means that the 
efficient infection of endothelials cs£ Is and especially 
smooth muscle cells is due to cdif f ejrer*ces in binding of -the 
virus to these cells and not to. t.he^amount of virus or the 

35 quality of the viruses used. , *- 

, ~u. t or i; -* 
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significant differences 
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Table I 



Serotype 

4 

8 

9 

12 

16 

19p 

26 

32 

36 

37 

40-1 

40- 2 

41- 6 
41-1 
49 
50 
51 



A: 

B: 

C 

D 

E 

1 

2 

3 

4 

5s 
6; 
7: 
6: 




m 



U ■ 1 



Kaob oligonucleotide 

2 
2 
3 
4 
2 
2 
2 
2 
2 
5 

5 

7 
2 
2 
8 



5'- CCC GTG TAT CCA TAT OAT GGA GAC AAC GAC CGA CC- 3 
5 r - CCC GTC TAC CCA TAT <3GC TAG 6CG CG&- 3' | 
5'- CCK GTS TAC CCA TAT GAA GAT.dAA 1 AGC- 3' j 
5'- CCC GTC TAC CCA TAT GAC ACC^TYC TCA ACT C- 3 ! 
5'- CCC GTT TAC CCA TAT GAC CCA TTT GAC ACA TCA GAC- 3* 
5'- CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA - 3' 
5'- CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA - 3' 
5'- CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA AAA GGA - 3 
5'- CCG ATG CAT TCA GTC ATC TTC TCT GA^ ATA ~ 3' . , 
5'- CCG ATG CAT TTA TTG TTC A&T TAT GT^ ( feCA?^ V >J ' ' " 
5'- GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA, - 3' 
5' - CCG TTA ATT AAG CCC TTA TTG TTC T^T TAC ATA AGA A - 3 
5'- CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA - 3' 
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Table II ' ill 

i 1 1 1' ;?^f!J 


Jill 


' i, ■ 


organ 


control Ads 


Fib 12 u 






Fie 

-f f 




Fib 40 -L 


Liver 


740045 


458 \f\ 


8844 

- * /f 


, 1 i 
' , i * 


419 




2033 


Spleen 


105432 


931 ; ;i 


i 3442. 

' ' 1 1 


i 


592 




16107 


Lung 


428 


315 


' 334 .' 




316 | 


424 


Kidney- 


254 


142 


190 1 




209 


224 


Heart 


474 


473 


|276 




304 


302 


Brain 


291 


318 


294 ! 

. ! il 


323 


257 
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Cell line 


«vP3 ^ 


a v |35 


CAR 


HUVEC 70% 


98.3% 


18*9% 


18.1% 


HUVEC 100% 


97.2% 


10 ( i5%! 


7.2% 


HUVsmc 70% 


95.5% 


76.6%| 


0.3% 


HUVsmc 100% 


92.2% 




0.3% 


PER.C6 


7.8% 


16.8%| 


99.6% 



Table iv 


.!> ; 

' i i -i ■: -4 49 

i -i I ! '-in 




4 . • , 
"I 


\ 
J 

f 

fi' 

r- 


■ 


■if , i! 


MOI (VP/Cell) 
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0 


0 
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A A "\ 

443 


10 


1982 
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1704 




25 


4840 


200 | 




3274 
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21875 
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13432 


11907 
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203834 


3296 | 


93163 


71433 



REFERENCES 

; ■; '! 
I ». v \ 

Arnberg N, , Mei Y< and Wadell G jW 19|97. Fiber genes of 
adenoviruses with tropism for the' eye and the genital tract, 
Virology 227: 239-244. ; j 



5 Bergelson, J.IVL , Cunningham, J\A. , Ejroguett, G., Kurt-Jones, 

Horwitz, M.S., Crowell, R,L, 



10 



15 



20 



25 



30 



E.A., Krithivas, A., Hong, J.S. 
and Finberg, R.W. (1997) Isolation of a common receptor for 
coxsackie B virus and adenoviruses 2 
1320-1323, 



Bout A. (1997) Gene therapy , p. 



and 5, Science 275: 

; R04'J? 



167-182. In: D.J, A. Crommelin 



and R.D. Sindelar (ed.), Pharmaceutical Biotechnology , 
Harwood Academic Publishers. 



SO 



Bout, A. (1996) Prospects for human gene therapy . Eur, J. 
Drug Met. and Pharma, 2, 175-?.7g : :J , ? ;p - i r t( , - , , 

a; the ©ye <"\v t 1 * 1 ■ ; v.ii 1 - 1 
Blaese, M. , Blankenstein, T., Brenner, M. , Cohen -Hagenauer, 

0., Gansbacher, B,, Russel, S., Sorrentino, B. and Velu, T, 

(1995) Cancer Gene Ther. 2\ 2.?1^297 ra ^ . r , f - •> - ^ 

Brody, S.L. and Crystal f R.G. j ,(199fl) 0 Adenovirus mediated in 
vivo gene transfer, Ann* M. Yl r ^2jad. ^Sci^ 716:90-101. 



A., 



Cufs, W., Wortham, D.C, 



Carter, A.J., Laird, J.R., Farb/ 
and Virmani, R, (1994) , Morphologic? characteristic^ of r lesion 
formation and time course of smppfc^-g^scle; cell^prolif eration 



in a porcine proliferative restenosis 
Cardiol. 24: 1398-1405. 



model. J. Am. Coll. 



" -r;TS2i ge< : < r 
Chroboczek J., Ruigrok R.W.H w1 and Cusack S*, 1995. 

Adenovirus fiber, p. 163-200. In* W. Doerfler and P. Bohm 

(ed.), The molecular repertoire- oi^ adenoviruses, I. Springer- 

Verlag, Berlin, , ; Y ^^ ti . 



i 



Defer c, Belin M. r Caillet^DoJdi|h| ; ]L^ and: granger >p^, 1990, 



Human adenovirus -host cell i^i«^|b' t| Sb^is ^ 
with members of subgroup B an£f]C$(%fe 
3661-3673 



Fallaux, F.J , Bout, A, van dj£ 
cells and matched El -delete 
generation of replication c 
Therapy, 9 (1998), pl909-i9lji 



^'Itudy 
H?.64 (8) 




ier 



u Gene 



and Brown, p, 



Francki, R.I.B., Fauquet, CM. , 

(1991) Classification and nomenclature; o& viruses Fifth 
report of the international Committed on;, taxonomy of viruses 
Arch. Virol, Suppl. 2: 140-144 5jL 

i 

Gall J., Kass-Eisler A. , LBinrnMih ^§n^lS^-P^s ? n E 
(1996) Adenovirus type 5 andi^g^^^cjbin^^i^f i^,, * , 
replacement alters receptor tropisn\j-^Lt)ip : y,t. , 3 af feet ing> P primary 
immune neutralization epitopes. Journal of Virology 70 (4) 
2116-2123. • 



Greber, U,F., Willets, M. , • W^bJL 
(1993). Stepwise dismantelingjji 
into cells. Cell 75: 477-486^* 




Hynes, R.O. (1992) Integrins : M yer^al^y'D modula tipn 0 and 
signalling in cell adhesion. £&|JUMhJi . 



Herz, J. and Gerard, R.D. (1993) . Adenovirus -mediated transfer 
of low density lipoprotein receptor gene acutely accelerates 
cholesterol clearence in normal, mAce.j £>rpc,- ; ,Natl . ..Acad. r ,Sci. 
U.S.A. 96: 2812-2816. 



Hierholzer, J.C. (1992) Adenov^rus^^the^iinraunocomproniised 
host. Clin. Microbiol Rev. 5, 2.62-274 j 



10 



15 



20 



25 



30 



:52 



Hierholzer, J.C., Wigand/ Rl/sAnterionV^L', jt , Adrian, t., and 
Gold, J.W.M. (1988) Adenoviruses |^r|m patients with AIDS: a 
plethora of serotypes and a descrd.pl ion of five new serotypes 
of subgenus D (types 43-47). jJ Infect. Dis. 158, 804-813. 



Hong, S.S., Karayan, L. , Tournier, J., Curiel, D.T. and 
Boulanger, E>,A. (1997) Adenovirus type 5 fiber knob binds to 
MHC class I a2 domain at the surface of human epithelial and 

B lymphoblastoid cells. EMBO J, . 16: i2294-2306i 

| ' •— i),: ■ : - 

Hsu, K.H, , Lonberg-Holm, K. , Alstein, B. and Crowell, R.L, 
(1988) ! 

A monoclonal antibody specific for the cellular receptor for 
the group B coxsackieviruses, d 5 ] 2 Virol 62 (5) t ; 1647-1652 . 

j 1 

Huard, J. , Lochmuller, H., Acsa^Me^/,* Jai *i/ . A- > ;Mas§ie, B. 
and Karpati, G. (1995) The ro^tfl^o^^dmi^ip.tratipn- is^.a, major 
determinant of the transduction^ efficiency; of , rat tissues by 
adenoviral recombinant s , Gene .Therv*, £ 2 ' 107-115 . - >( - 



Ishibashi, M. and Yasue, H> (l^||)^Tj^e adenoviruses, H,S, 
Ginsberg , ed., Plenum Press, LQnden^ r New- ; York % , Chapter r 12, 



497-561 



^surface 



♦ G., Minick, C.R. (1973) 



Jaffe, E,A., Nachman, R.L., Becker, C, 
Culture of endothelial cells deriyed^from umbilical veins. 
Identification by morphologic and immunologic criteria. J, 
Clin. Invest, 52> 2745-2756.tr- | f ?r tlv= 



7 < 



35 



Kass-Eisler, A w Falck-Pederson, Ib. , Elfenbein, D.H,, Alvira, 
M., Buttrick, P.M. and Leinwand/dL, A3 . (1994) The impact of 

developmental stage, route of *adminls£ ration and the immune 

i 

system on adenovirus -mediated gene C transfer. Gene" Ther. 1: 
395-402, • Cher 2 - - 0 ■ i 



' 5 f s .. 

Khoo, S>H., Bailey, A>S., De Jong, 4' G "' and Mandal, B,K. 

(1995) . Adenovirus infections in human immunodeficiency 
virus-positive patients: Clinical features and molecular 
epidemiology, J. Infect. Dis 172, 629-637 

i 

5 , 

Kidd f A.H., Chroboczek, J., Cusack r S., and Ruigrok, R.W. 
(1993) Adenovirus type 40 virions contain two distinct 

fibers. Virology 192, 73-84. : 

I 

10 Krasnykh V.N. , Mikheeva G, V. ^.DouliaJ^lr.T, and Curiel.Q.T. 

(1996) Generation of recombinant adenovirus vectprs; -with 
modified fibers for altering viJral t;:opism. J ; . Virol. 70(10) 
6839-6846. 

15 Krasnykh V.N, , Dmitriev I., MikWeeva G., Miller C.R., 

Belousova N. and Curiel D,T. ,(l$#8) Characterization of an 
adenovirus vector containing^ heterologous : peptide epitope 
in the HI loop of the fiber knob^] a ei . r Virol- r 72 (3| Vi, 18/4^-1852. 

- 17?., 6:29 ■ r 

20 Law, L., Chillon, M. , Bosch, A., Armentano, D,, Welsh, M.J. 
and Davidson, B.L. (1998) Infection of primary CNS cells by 
different adenoviral serotypes : f; Searching, for a more 
efficient vector. Abstract 1 st Annual |Meeting American 
Society of Gene Therapy, Seattle> Washington, 

Leppard, K.N, (1997) E4 gene funpt^on^.in adenovirus,, 
adenovirus vector and adeno-assolriate^ virus infections. J, 
Gen. Virol. 78: 2131-2138. 

3 0 Lloyd Jones, D.M. and Bloch, K>D, ..(1996) The vascular biology 
of nitric oxide and its role in, ather^genesis. Annu. Rev. 
Med, 47: 365-375. .. . ' 



Morgan, C, Rozenkrantz, H<S. f and Mednis, B. (1969) 
35 Structure and development of varuses Ts §LS observed in the 

electron microscope. X, Entry and.- uncoating of adenovirus. J. 
Virol 4, 777-796. , : 



Roelvink, P.W. ,*Kttves(liv'f^ (1996) 
Comparative analysis of adenovirus r |iber-cell interaction: 
Adenovirus type 2 (Ad2) and Ad9 ufciljize the same cellular 
fiber receptor but use different 'bidding stratagies for 
attachemnt. J. Virol. 70: 7614-7621 J 



10 



.15 



20 



25 



30 



35 



Roelvink, P.W., Lizonova, A., Lee, Jj.G.M., Li, Y, , Bergelson, 
J.M., Finberg, R.W., Brough, D.E., Kovesdi, I. and Wickham, 
T.J, (1998) The coxsackie -adenovirus receptor protein can 
function as a cellular attachment i protein for -acften^irus ' 
serotypes from subgroups A, C, D, E, and F. J. Virol. 72: 
7909-7915. 



, Buchsbaum, D, J, , 



Rogers, B.E., Douglas J.T., AhMn, C. 

Frincke, J. and Curiel, D.T. (IS'97) Use of a hovel cross- 
linking method to modify adenpY^x^s r: tropism, -Gene Ther.4; 
1387-1392. ' 

7"19 >til: 

Schulick, A.H., Vassalli, G, n Dunn;, j JfcF,, Dong, ,G ; . , , Rade, 
J.J., Zamarron, C. and Dichek> , D,A-, t (1997) . Established 
immunity precludes adenovirus -mediated gene transfer in rat 

carotid arteries. ~ _ J 

, Lie - f \ i „ ■ .• 1. ■ > ■ i • ; ! 

Schnurr, D and Dondero, M.E. (1-993) ; -Tjwo new candidate 
adenovirus serotypes. Interviroi ; . < 3.6 ,>• 79-83 . 



Schwartz, R.S., Edwards, W.D., Huber, 
Bailey, K.R., Camrud, A.R., Jorgenson 
Jr. (1993) Coronary restenosis;:} P; 
new perspectives from a porcine; ijipdel 



P.rpspects 



■If 



54-62. 



K.C., Antoniudes, L.C. 
M.A, and Holmes, D,R. 

for. solution and 
Mayo Clin. Proc. 68: 



tb. 



Shi, y. , Pieniek, M. , Fard, A., O'Brien, J., Mannion, J.D, 
and Zalewski, A. (1996) Adventitial remodelling after 
coronary arterial injury, Circulat i.oni-93 : 340-348, 



55 i 



Shabram, P.W., Giroux, D.D., Goudreau, A.M., Gregory, R.j. f 
Horn, M.T., Huyghe, B.6., Liu, X.', Nunnally, M.H., Sugarman, 
B.J. and Sutjipto, 8. (1997) Analytical anion-exchange HPLC 
of recombinant type-5 adenoviral particles. Hum. Gene Ther. 
8 (4) : 453-465. 



Signas, G. , Akusjarvi, G. , and ]?etterson, (1985). 
Adenovirus 3 f iberpolypeptide gene\'i:oikpiicatjions for the 
structure of the fiber protein. 



Jil 



•vlrol, 



53 ; , I 672-678 



NO \V. 



, Weaver' L. and 



Stevenson S.C., Rollence M., White B 
McClelland A. , (1995) Human adenovirus serotypes 3 and 5 bind 
to two different cellular receptors via the fiber head 
domain. J. Virol 69(5): 2850-2^7. 

Stevenson S,C, Rollence M. , Mars^a.l^-Nef f^J. and IMcClelland 
A. (1997) Selective targeting u p% human .cells by a chimaeric 
adenovirus vector containing a .modified, fiber protein. . J. 
Virology 71 (6) : 4782-4790. H - V i 

Stouten, P.W.F., Sander, C, Ruigrok,j R.w.H, , and Cusack, S. 
(1992) New triple helical model for t £he .shaft of the 
adenovirus fiber. J. Mol. Biol. r ,22,6, Lo73 r 1084. 

; hi. r> , Vp - ' 1 ■ ■ . 'v 
Svensson, V. and Persson, R. (1964) . fentry of adenovirus 2 
into Hela cells. J. Virol. 51, ?7 687 5 6§i . : , Vi , 

Van der Vliet, p.c. (1995) Adenoyiruf DNA replication * In: 
W. Doerfler and P. B6hm (edsj^he molecular repertoire of 
adenoviruses II. Springer- Verlag, Berlin. 

i^vr^fiil .: r 

Varga, M.J., Weibull, C, and 7 Everi,tt 3 E. .. (1991) . Infectious 
entry pathway of adenovirus type T 2 :j Virol 65, 6O6I-6O70. 



varenne, 0., Pislaru, s., Gillijns, H, , Van Pelt, N, , Gerard, 
R.D., Zoldhelyi, P., Van de Werf f0 F Ci : ? Collen, D. and . 



5S 



Janssens, S.P. (1998) Local adenovirus -mediated transfer of 
human endothelial nitric oxide synthetase reduces luminal 
narrowing after coronary angioplasty in pigs. Circulation 98; 
919-926, 



10 



15 



Wadell G (1984) Molecular Epidemiology of human adenoviruses 
Curr- Top. Microbiol . Immnol) 110 j 191-220, 

i tl ■ 

• W i ' j 

Wickham T.J,, Carrion M.E. and Kovesdi I./ ^p 5 - Targeting of 
adenovirus penton base to new^risdeptljJi*!'' thr'Jiigh replacement 
of its RGD motif with other receptor J- specific s pe&t'i'dte motifs. 
Gene Therapy 2: 750-756, : 



Wickham T.J., Segal, D.M, , Roelvink, jP.W,, Carrion M.E., 
Lizonova, A,, Lee, G-M,, and Kovesdi, I. (1996) Targeted 
adenovirus gene transfer to endothelial and smooth musfcle 
cells by using bispecific antibodies J^Virol . ■ 70 "{10). , 
6831-6838. rUpl^ry • J ' ' "" ^ ' 



20 Wickham, T.J., Mathias, P., Cherish, D.A., and Nemerow, G*R, 
(1993) integrins avb3 and avbS Iprfcmbbp: adenovirus i; 1 ■ ■ 
internalization but not virus, attachment- : Cell 73, 309-319. 



Wijnberg, M-.J. , Quax, P.H.A, rr ; Ni^uw,epferoek, N.M*E- i ^ 
25 Verheijen, J-H. (1997). The ,migr£tipne of humanj smooth muscle 
cells in vitro is mediated bye plasminogen ; ! "5 , ,,, if,?- r 
activation and can be inhibited by al - pha(2)- macro globulin 
receptor associated protein. 'Thromb. and Haemostas* 78, 880- 
886. y*\ -li-v' , \ 

Wold, W.S,, Tollefson, A, E. andlHermiston? T,W. (1995h E3 
transcription unit of adenovirus v c In; Doerfler and P. Bohm 
(eds,), The molecular repertoire of adenoviruses I. Springer- 
Verlag, Berlin. 

35 i . . (, -fu f 



Zabner, J., Armentano, D. , Chilloni; M* , Wadeworth, S.C. and 
Welsh, M.J. (1998) Type 17 fiber eiihancee gerie transfer 
Abstract 1 st Annual Meeting Anteripah Society of Gene Therapy, 
Seattle, Washington. • ! • j 



10 



15 



20 



25 



30 



S8 



CLAIMS 




I 
i 

• i ; : 

1. A gene delivery vehicle having! been provided with at 
least a tissue tropism for smooth muscle cells and/or 
endothelial cells. 

2. A gene delivery vehicle having .been deprived of at 
least a tissue tropism for liver! cells. 

3. A vehicle according to 'claim ij wherein said vehicle 
has been deprived of at least a tissue tropism for liver 
cells. ; *" 

4. A vehicle according to anyone of the claiiris 1 , iLr&, 
wherein said tissue tropism is being provided by a virus 
capsid. 

5. A vehicle according to claim 4, 

5 8 

comprises protein fragments from 
viruses, 

6. A vehicle according to claim 5, 
of said viruses is an adenovisus^ v ; Dq 
7 « A vehicle according to^aim^^or, claim 6 f wherein at 
least one of said viruses is an adenovirus of subgroup B. 

8. A vehicle according to ^a^Qne c 6f tiie claims { j5~7, r 
wherein at least one of said proteiji .] fragments comprises a 
tissue tropism determining fragment of a f fiber protein 
derived from a subgroup B adenovirus 1V 

9. A vehicle according to anyone of the claim 7 or claim 



wherein- said capsid 
at least two different 



wherein at least one 



8, wherein said subgroup fi adenqyi^ys 



t is ; adenovirus , 16 . 



10. A vehicle according to ^l^i^ q 7^,.^wher ; ein protein 
fragments not derived from an adenovirus of subgroup B are 
derived from an adenovirus of suJag^oup C> ^preferably of,- 
adenovirus 5 . , :ciT1 ; v . \ ev - * ; - i> 1 . i , 

11. A vehicle according to anyone of the claims 1-10 
comprising a nucleic acid deriyed^ frgm an : , adenovirus . 

12. A vehicle according to anyone cff the claims 1-11/ 
comprising a nucleic acid derived, ^rom^at^l east two , r different 
adenoviruses. i?1 ^ r ^ lcv ^ . je . , , • ■ * 

-uiyrne or ; • 
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A vehicle according to 4 clairn 11 or claim 12, wherein 



one sequence encoding a 
issue trqpism 
adenovirus fiber 



the claims 10-13, 

is modified such that 

ic acid to replicate in 



said nucleic acid comprises at least t< 
fiber protein comprising at least k ti 
determining fragment of a subgroup" B-|< 
protein/ preferably of adenovirus 16 i 

14. A vehicle according anyone of 

wherein said adenovirus nucleic acid: 

i ! " 

the capacity of said adenovirus puclej 
a target cell has been reduced or disabled. 

15. A vehicle according to anyone 'of the claims 11-14, 
wherein said adenovirus nucleic acid is modif iediisucho that 
the capacity of a host immune system to mount an immune 
response against adenovirus proteins encoded by said 
adenovirus nucleic acid has been reduced or disabled. 

16. A vehicle according to &fiyone h>t the claims 1-15, 
comprising a minimal adenovirus^y;§q]tC£k; or an, Ad/ AAV chimaeric 



vector, >fc ijeag-t ens i' u r\ 

17. A vehicle according to ^rgjprje .^.Jthe ;claims n 1-16, 
further comprising at least one jij^^ acid. 

18. A vehicle according to ^claim gL7 wherein , at least one 
of said non-^denovirus nucleiGr, : ^^dsb ^s^ r gene t s^lpqted from 
the group of genes encoding: an- ^polu^oprptein, a nitric 
oxide synthase, a herpes simpljSx 3 yi : r L T^ thymidine kinase, an 
interleukin-3, an interleukin-la^- an^tanti) angiogenesis 
protein such as angiostatin, an ^ant^ -proliferation protein, a 
smooth muscle cell ant i -migration, prptein, a vascular 
endothelial growth factor (VGEEX^a^^sic, fibroblast growth 
factor, a hypoxia inducible f^ctox; r^jtt, (HIF-la) or a PAl-l, 

19. A cell for the production, ofv^vector according to 
anyone of the claims 1-18, comprising ^means for the assembly 
of said vectors wherein said means -includes £ means for the 
production of an adenovirus fiber protein, wherein said fiber 
protein comprises at least a tis^u^gt^PPisjn determining 
fragment of a subgroup B adenoyi^%„|iber protein. , 

20. A cell according to claim ^9^, ^herein said cell; is or 
is derived from a PER.C6 cell : (E,CA(^Q cteP 013 ^ .number : . 
96022940). >>- *;.oUp - 

"Lru,i4 




aims 



nucleic!' acid to smooth 



with a tissue 




^det^frjniriing fragment of 




issue 



ses 



21. The use of a vehicle 
1-18 as a pharmaceutical, 

22. The use of claim 21 fo! 
cardiovascular disease* 

5 23. The use of claim 21 fo 

treatable by transfer of a th< 

muscle cells and/or endotheliil^| 

24. An adenovirus capsid witM oif l&bvided \ 

tropism for smooth muscle cells and/or endothelial cells 
10 wherein said capsid preferably comprises proteins from at 

least two different adenoviruses and wherein at leasts a 
- .tissue tropism determining fragment of a fiber protein is 

derived from a subgroup S ader 

adenovirus 16, 
15 25 « An adenovirus capsid h| 

tropism for liver cells wherel 

comprises proteins from at lei 

and wherein at, least a tissue^ r t^ 

a fiber protein is derived from a subgroup B adenovirus, 

2 0 preferably of adenovirus 16. r ffc ^ e £^, e , tTrT€! 

26, The use of an adenovir^ a c|^^i^ : a^po s rding, c t;9j claim 24 
and/or claim 25, for the deli^r^^fijxucleic acid to smooth 
muscle cells and/or endothelia^^c^liL^ ^.; , : e / ; Tfi j * h 3 1.15-1 

27, The use, of an adenovirus q§ps/L£ according .to , claim 2$, 
25 in a medicament for the treatment^o£na disease-, T . r ~ 

28, 1 Construct pBr/Ad.BamRAFd£^ apprising adenovirus; 5 
sequences 21562-31094 and 3279^3593 8^- M 

29, Construct pBr/AdBamRf ibl^ 
sequences 21562-31094 and 3279j§ 

30 adenovirus 16 gene encoding f 

30, Construct pBr/AdBamR-p 
5 sequences 21562-31094 and 3 

an adenovirus 16 gene encoding t fil^ further 
comprising a unique Pad -site ^n^tl^j^coximity /of K the - , 

3 5 adenovirus 5 right terminal repeat , in the non- adenovirus 

sequence backbone of said construp^^^ lt „ . , 

^z>XV of., rr- .'■ ■- cp 
%1 oell&, 



adenovirus 5 

lit: ';f M $ ;i \t 

if 5% - 

r.xs 



ing an 




,61 
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15 



20 



31. Construct pWE/AcLAf lII^ITRf ibi6 , comprising adenovirus 
5 sequences 3534-31094 and|32794*3593 1 8* further comprising an 
adenovirus IS gene encoding fiber protein. 

32. Construct pWE/Ad.Af lIIrIT$DB2Af ibl6, comprising 
adenovirus 5 sequences 3534-2244^ ;^2;4p33-3l094 ; and 32794- 
3 5 93 8 , further comprising an adenovirals 16 gene encoding 
fiber protein, 

33. The use of a construct according to anyone of the 
claims 28-32 for the generation of a vehicle according to 
anyone of the claims 1-18 or an adenovirus capsid. according 
to claim 24 or claim 25 i p ^-,r, 

34 . The production of a vehicle according to anyone of the 
claims 1-18 or a adenovirus capsid according to claim 24 or 
claim 25. 

35. The use of a vehicle adbferding to anyone of the claims 
1-18 for the generation a gene l library . r>1 ( 

36. The use of a fiber protein adenovirals 16, !t for the 
delivery of nucleic acid to sfljcjcj^h^n^^cle cells and/or 
endothelial cells. i ;rims2^ - . . - 

37. The use of a fiber protj^Ej ^ofj^adenoYirus -1,6] in ^an 
adenovirus capsid for deprivi^ e s^^d i: ^apsid ; of , a,y^issu£ 
tropism for liver cells. 
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Abstract 

A gene delivery vehicle having been provided with at least a tissue tropism for cells 
selected from the group of smooth muscle cells, endothelial cells, and/or liver cells. The tissue 
tropism is generally provided by a virus capsid, such as one comprising protein fragments from at 
least two different viruses, such as two different adenoviruses, including adenovirus of subgroup 
C or subgroup B (for example, adenovirus 16). The protein fragments can comprises a tissue 
tropism determining fragment of a fiber protein derived from a subgroup B adenovirus. Also, 
cells for producing such gene delivery vehicles and pharmaceuctical compositions containing said 
gene delivery vehicles. Further, a method of delivering nucleic acid to cells such as smooth 
muscle cells and/or endothelial cells which involves administering to the cells an adenovirus capsid 
having proteins from at least two different adenoviruses and wherein at least a tissue tropism 
determining fragment of a fiber protein is derived from a subgroup B adenovirus. Particular 
construct are also disclosed. 
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Figure 4A: Sequence of Ad5 fiber f | •} 

ATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATAjtGACACGGAA^CCGGTC 
CTCCAACTGTGCCTTTTCTTACTCCTCCCTTTGTATCCCCCAATGGGTTTCAAGAGAGTC.CCCCTGG 
GGTACTCTCTTTGCGCCTATCCGAACCTCTAGTTACCTCCAATGGCATGCTTGCGCTCAAAATGGGC 
AACGGCCTCTCTCTGGACGAGGCCGGCAACCTTACCTCCGAAAATGTAACCACTGTGAGCCCACCTC 
TCAAAAAAACCAAGTCAAACATAAACCTGGAAATATC^GACCCCTCACAGTTACCTCAGAAGCCCT 
AACTGTGGCTGCCGCCGCACCTCTAATGGTCGCGGGCJ^ACACACTCACCATGCAATCACAGGCCCCG 
CTAACCGTGCACGACTCCAAACTTAGCATTGCCACCCAAGGACCCCTCACAGTGTCAGAAGGAAAGC 
TAGCCCTGCAAACATCAGGCCCCCTCACCACCACCGA^AQCAGTACCCTTAbTATCACTGCCTCACC 
CCCTCTAACTACTGCCACTGGTAGCTTGGGCATTGACTTdAAAGAGCCCAT^ATACACAAAATGGA 
AAACTAGGACTAAAGTACGGGGCTCCTTTGCATGTAAC^dAC^ACCTAAACACTTTGACCGTAGC^A 
CTGGTCCAGGTGTGACTATTAATAATACTTCCTT(5CAi^CTAAAGTTACTGGAGCCTTGGGTTTTGA 

ttcacaaggcaatatgcaacttaatgtagcaggaggagtaaggattgattctcaaaa^gacgccto 
atacttgatgttagttatccgtttgatgctcaaaaccaactaaatctaagactaggacagggccctc 
tttttataaactcagcccacaacttggatatta^ 

aaacaattccaaaaagcttgaggttaacctaagcactgccaaggggttgatgtttgacgctacagcc 
atagccattaatgcaggagatgggcttgaatttggttcacctaatgcaccaaacacaaatcccctca 
aaacaaaaattggccatggcctagaatttgattcaaagaaggctatggttcctaaactaggaactgg 
ccttagttttgacagcacaggtgccattacagtaggaaacaaaaataatgataagctaactttgtgg 
accacaccagctccatctcctaactgtagactaaatgcagagaaagatgctaaactcactttggtct 
taacaaaatgtggcagtcaaatacttgctacagtttcagttttggctgttaaaggcagtttggctcc 
aatatctggaacagttcaaagtgctcatcttattataagatttgacgaaaatggagtgctactaaac 
aattccttcctggacccagaatattggaactttad>u^^ 
caaacgctgttggatttatgcctaacctatcagc^atc6aMatctcacggtaa^ 
taacattgtcagtcaagtttacttaaacggagacai^^ 
aacggtacacaggaaacaggagac^caactccaag^^ 
ctggccacaactacattaatgaaatatttgccaca^c^^ 



ATAA 





Figure 4B: Sequence of Ad5/fibl2 chimeric fiber 

ATGAAC^GCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGACCCATTTGACACAT 
CAGACGTACCCTTTGTTACACCCCCTTTTACTTCTTCCAATGGTCTTCAAGAAAAACCACCAGGTGT 
ATTAGCACTTAATTACAAAGACCCCATTGTAACTGAAAATGGAACCCTTACACTCAAGCTAGGGGAC 
GGAATAAAACTTAATGCCCAAGGTCAACTTACAGCTAGTAATAATATCAATGTTTTGGAGCCCCTTA 
CCAACACCTCACAAGGTCTTAAACTTTCTTGGAGCGCCCCCCTAGCAGTAAAGGCTAGTGCCCTCAC 
ACTTAACACAAGAGCGCCCTTAACCACAACGGATGAA^GCTTAGCCTTAATAACCGCCCCTCCCATT 
ACAGTAGAGTCTTCGCGTTTGGGCTTGGCCACCATAGCCGCTCTAAGCTTAi3ATGGAGGTGGAAACC 

taggtttaaatctttctgctcccctggacgttagtaac 

cttagttgtaaattctagcggtgccctatctgttgct^ctgcagaccccataagtgttcgcaacaac 

GCTCTTACCCTACCTACGGCAGATCCGTTAATGGTGAGCTC(S^ATGGGTTGGGAATAAGTGTCACTA 
GTCCCATTACAGTAATAAACGGTTCCTTAGCCTTGTCTACAACTGCTCCCCTCAACAGCACAGGATC 
CACTTTAAGTCTGTCTGTTGCCAATCCTCTGACTATTrrCACA^GACACATTGACTGTTTCCACTGGT 
AACGGTCTTCAAGTGTCGGGGTCTCAATTAGTAACAAGAATAGGGGATGGTTTAACATTCGATAATG 
GGGTCATGAAAGTAAACGTTGCCGGGGGAATGAGAAC^TQTGGCGGTAGAATAATTTTAGATGTTAA 
TTATCCCTTTGATGCGAGCAATAACCTGTCCTTAAGACGGGGATTGGGACTAATTTATAACCAATCT 
ACAAACTGGAACTTAACAACTGATATTAGTACCGAAAAAGGTTC^ 

CTCTTAATGCAGGTCAGGGGCTTACATTTAATAATGGCCAACTTAGGGTTAAGTTGGGAGCTGGACT 
TATTTTTGATTCAAACAATAACATTGCCTTAGGCAGCAGCAGCAACACTCCATACGACCCTCTGACA 
CTGTGGACAACTCCTGACCCACCACCAAACTGCAGCCTCA.TACAAGAGCTAGATGCAAAACTCACCC 
TGTGCTTAACAAAAAACGGATCTATTGTTAATGGdAW^ 

CCTAAATATCCAAAGTACTACTACCACTGTAGGAGTGCATTTAGTGTTTGATGAACAGGGAAGATTA 

ATCACATCAACCCCTACTGCCCTGGTTCCCCAAG^^ 

CTACCAATACTGTTACC^TGGTCTAGGTTTTATG^ 

CAGTGAGGCTAAAAGCCAAATGGTAAGTCTCACGT&^ 

ATGAAAGTTGCATTTAATGGCATTACGTCGCTAAAl^^ 

TATCAAACTATATAAATCAGCCTTTCTCTACACCATCCTGCTGdTTNTCTTACATTGCCCAAGAATa 
AATGCATTAG J/ : .A>i?Cf 

ICTACTGCJ 



Figtire 4C: Sequence of Ad5/£ibl6 chimeric fiber 



ATQAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGAAGATGAAAGCAGCT 
CACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAATG,GTTTTGCACAAAGCCCAGATGGAGT 

tctaactcttaaatgtgttaatccactcactaccgccagcggacccctcovacttaaagttggaagc 
agtcttacagtagatactatcgatgggtctttggaggAaaat|ataactgccgaagcgccactcacta 

AAACTAACCACTCCATAGGTTTATTAATAGGATCTGGbTTGC^AACAAAGGATGATAAACTTTGTTT 

atcgctgggagatgggttggtaacaaaggatgataaactatgtttatcgctgggagatgggttaata 
acaaaaaatgatgtactatgtgccaaactaggacatggccttgtgtttgactcttccaatgctatca 
ccatagaaaacaacaccttgtggacaggcgcaaaacc^gcgpcaactgtgl'aattaaagagggaga 
agattccccagactgtaagctcactttagttctagtg^agaa|tggaggactjsataaatggatacata 
acattaatgggagcctcagaatatactaacaccttgt^taaaaacaatcaagttacaatcgatgtaa 
acctcgcatttgataatactggccaaattato^ 

taaagacaaccaaaacatggctactggaaccataaccagtcccaaaggcttcatgcccagcaccacc 
gcctatccatttataacatacgccactgagaccctaaatgaagattacatttatggagagtgttact 
acaaatctaccaatggaactctctttccactaaaagt^actgtcacactaaacagacgtatgttagc 
ttctggaatggcctatcctatgaattot^ 

GAAGTCACTCTCATTACCTCCCCCTTCTTTTTTTCTTATATCAGAGAAGATGACTGJtoTGCATTAG 



h:t.me.ric i 



ft. :CCGGTQ'3 




Figure 4D: Sequence of Ad5/fib28 chimeric fiber 



ATGTTGTTGCAGATGAAGCGCGCAAGACCGTCTGAAGATACGTTCAACCCCGTGTATCCATATGGCT 
ACGCGCGGAATCAGAATATCCCCTTCCTCACTCCCCCCTTTGTTTCTTCCGATGGATTCCAAAACTT 
CCCACCTGGGGTCCTGTCACTCAAACTGGCTGACCCAATCACCATCGCTAATGGGGATGTCTCACTC 
AAGTTGGGAGGCGGACTGACGGTGGAAAAAGAGTCTGjsAAACTTAACTGTGAACCCTAAGGCTCCCT 
TGCAAGTTGCAAGTGGACAATTGGAATTAGCATATGApTCTGCATTTGATGTTAAAAACAATATGCT 
TACTCTTAAAGCAGGTCACGGCTTAGCAGTTGTAACGkAAGACAATACTGATTTACAACCACTAATG 
GGCACACTTGTTGTTTTAACTGGCAAAGGCATT^ 

ATGTGAGAATAGGAAAAAACGGAAGTCTGGCATTTGACAAAAATGGAGAT^TGGTGGCCTGGGATAA 

AGAAAATGACAGGCGCACTCTATGGACAACTCCAGACACATC)rCCAAATTGCAAAATGAGTGAAGTC 

AAAGACTCAAAGCTTACTCTTATTCTTACAAAATGCGGAAGTCAAATTCTAGGAAGTGTATCTTTGC 

TTGCTGTAAAAGGAGAATATCAAAATATGACTGCCAGTACTAATAAGAATGTAAAAATAACACTGCT 

ATTTGATGCTAATGGAGTCTTGTTAGAAGGATCCAGTCTTGAbAAAGAGTACTGGAACTTTAGAAAC 

AATGATTCTACTGTGTCTGGAAAATATGAAAATGCTG^CCGTTCATGCCTAACATAACAGCTTATA 

AACCCGTCAATTCTAAAAGCTATGCCAGAAGTCACATATTTGjSAAATGTATATATTGCTGCTAAGCC 

ATATAATCCAGTGGTTATTAAAATTAGCTTCAATCAAGAGACACAAAACAATTGTGTCTATTCTATA 

TCATTTGACTACACTTGCTCTAAAGAGTATACAGGT^^ 

CCTATATCGCCCAAGAATGAATGCATTAG 



4 



Figure 4fe; Sequence of Ad5/f ib40-I/ chimeric fiber 



AT6TTGTTGCAGATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGAAC 
ACTACAATCCCCTTGACATTCCATTTATTACACCCCCGTTTGpTTCCTCCAACGGCTTGCAAGAAAA 
ACCTCCGGGAGTCCTCAGCCTGAAATACACTGATCCACTTACAACCAAAAACGGGGCTTTAACCTTA 

aaattgggcacgggactaaacattgat^^ 

GCGCCCCTATCACTAAAACCAACAAAATCGTAGGTTTAAATTACACTAAGCCTCTC 

TAACGCGCTTACTCTTTCTTAC^ 

TCACAGCCTGTTACTATTAATGC 

ACACGGGCACTCTTCGCCTTCGAAGTGATG^ 

GTTTTCTAGCCCCCTCTATCT^ 

TCCAGTAACAGAGCAGTGGCCCTTAAGTATTCACGACCTTTAAAAATAGAAAACGAAAACTTAACCC 

TAAGCACAGGCGGACCTTTTACTGTAAGCGGGGGAAATTTAA^CCTGGCAACATCGGCACCCCTCTC 

CGTGCAAAACAATTCTCTCTCCTTAGGGGTTAACCCGtCTTTTCTCATCACTGACTCTGGATTAGCT 

ATGGACTTAGGAGACGGTCTTGCATTAGGTGGCTCTAAGTTAATAATCAATCTTGGTCCA 

AAATGTCTAATGGAGCTATTACTTTAGCAC^ 

acttcaactcagaattggctccgcgtct 
iatgccaataccagcaaaggtcttgctattgaaaataac 

ttcgctttgatagctggggaagcatagctgtctcacctactaccactacccctaccaccctatggac 
caccgcggacccgtctcctaacgccac 
gtaaaatgcaacggcatggttaacgggaccat^ 
ccacagctagctttatttcctttgtcatgtat^ 
cgtgtttgacaacgaagggatactagcaaacagtc^ 
aacactaacgtttccaatgctgtagaattt^^ 
ctgaagttcagaacatggctct^^ 
tcagagcatttataatc^^ 



g&acgttttgacatcccctgttgctcat^^ 
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Alignment Report of Unfitted, using Ctustal method wlh Wekghted residua weight tabte. Pag 
Thursday, November 19, 1998 18:25 i 

1 ATG GC C AAA C G A G CTCG 6C TAAG t AGCT - - Adl6 gertaarik.g 

X AT GlT ? (?y T<gc aHaBg Al^LG^glG cffl aE£aI Cfcl G ITCTGAAGAT a! Ad5/£ibl6 , Seq 



29 CCTTCAATCCGGTCTACCCCTATGAAGATGAAAGCAGCTC Adl6 gubrit.» <j 

41 CCTTC AaQccSgtQtaSIccHtaTGAAG ATGAAAGC AGCTC AdS/fiblS.eeq 

€9 ACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAAT Ar316 geribank<S' . 

a ACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAAT ad5/fibl6,ees 

109 GGTTTTGCACAAAGCCCAGATGGAGT^CTAACTCTTAAAT M16 garibarik.seq 

121 GGTTTTGCACAAAGCCCAGATGGAGTTCTAACTCTTAAAT A35/£Lbl6,seq 

149 GTGTTAATCCACTCACTACCGCCAGCGGACCCCTCCAACT AdOL6 gerixsrik.sr : 

161 GTGTTAATCCACTCACTACCGCCAGCGGACCCCTC CAiA CT Ad5/£ibi6.9eq 

189 TAAAGTTGGAAGCAGTCTTACAGTAGATACTATCGATGGG M16 garterikb $e J 

201 TAAAGTTGGAAGCAGTCTTACAGTAGATACTATCGATGGG Aiffi/'fiJ&e.^L 

229 TCTTTGGAGGAAAATATAACfGCCGCAGCGCCACTCACTA Adl6 gsaib^ie < 

J241 TCTTTGGAGGAAAATATAACTGCC gHa GCGCCACTCACTA Ad5/fita6.SQCjt 

3*69 AAACTAACCACTCCATAGGTTT A Ajf ft G,G ATCTGGCTT MLS geribank*J§er' 

^281 AAACTAACCACTCCATAGGTTT A„!T„TAA1 L A GG A T C T G G C T T AdS/fibl6.saq r 

* C t A ag {: / cm; ! i. - ^. ..... . oJ 

=73CB GCAAACAAAOGAfGATAAACTT TrGT*^£Act 6d CM G G A G A T Adl6 gaabarik%? j 

y|21 GCAAACAAAGGATGATAAACTTTGTTTATCGCTGGGA6AT Ad5/£iJbl6,se(j ~ 

^ T f-5 A A 3 ^ t: / A - . - * > ' 'ff • 

:::: 349 GGGTTGGTAACAAAGGATGATA AoAC/T ,Tf T TA TCiGCTOG A316 genbank^ 

f 3S1 GGGTTGGTAACAAAGGATGATAAACTATGTTTATCGCTGG Ad5/fibl6-se|, 

i« ^ rfT 7~ T C 1 i 'J 1 " Z % 

1389 GAGATGGGTTAATAACAAAAAA TiG A T G JTcA CTATGTGCCAA Adl6 gecihank.^ 

1401 GAGATGGGTTAATAACAAAAAATGATGTACTATGTGCCAA Ad5/fibl6.seq 

%3 ^ & k ! i. t c: * fc * » . s • 

#9 ACTAGGACATGGCCTTGTGTTT G A:C tt^J CCAATGCTATC AdO.6 geribarik.seg 

^41 ACTAGGACATGGCCTTGTGTTTGACTCTTCCAATGCTATC Ad5/fibl6.seq 

469 ACCATAGAAAACAACACCTTGT G G A CiA^G ;G C GC A A A A CCA A AdL6 geribank.seg 

481 ACCATAGAAAACAACACCTTGTGGACAGdCGCAAAACCAA Aa5/fiM6,seq 

509 GCGCCAACTGTGTAATTAAAGAG G GAG A A GATTCCCCAGA Adl6 ga±ank*Secj 

521 GCGCCAACTGTGTAATTAAAGAGGGAGAAGATTCCCCAGA Ad5/fibl6-seq 

: C G V A f X f 

549 CTGTAAGCTCACXTTAGTTCTAG T^AjA^A A TGGAGGACTG Adl6 geribariJoseq 

561 CTGTAAGCTCACTTTAGTTCTAGTGAAGAATGGAGGACTG Ad5/fiM6.seq 

589 ATAAATGGATACATAACATTAATG GCA G^ C T C AG A A T A T A AflLS gmtenk.Beg 

601 ATAAATGGATACATAACATTAATGGGAGCCTCAGAATATA Ad5/fiD16.seq 

£ v T m £ lfcV 

629 CTAACACCTTGTTTAAAAACAATG A AG (Tf ACAATCG ATGT AdlS gerfaank.seg 

541 CTAACACCTTGTTTAAAAACAATCAA'GTTACAATCGATGT Ad5/fil?16.seq 

/\ f 7; % j ! t. 

669 AAACCTCGCATTTGATAATACTGGC C A A r A T TATTACTTAC Adl6 geriterik.seq 

681 AAACCTCGCATTTGATAATACTGGCCAAATTATTACTTAC AdS/fiblfi.seq; 

**2 'T- i; f r r 

709 CTATCATCCCTTAAAAGTAACCT G A A C T T T AAAGACAACC Adl6 geribarifc.seq 

721 CTATCATCCCTTAAAAGTAACCTGAACTTTAAAGACAACC AdS/fibl6-s€q 



Alignment Report of Untitled, using Cluslai method with Weighted residue weight table. Pap- . 
Thursday, November 19, 1898 1826 if 1 1 ' / 

749 AAAACATGGCTACT6GAACCATAACCAGTGCCAAAG6CTT Adl6 gettonk^ ? 
761 AAAACATGGCTACTGGAACCATAACCA5TGCCAAAGGCTT M5/fihl6.s©g 

1 

789 CATGCCCAGCACCACCGCCIATCCAT!PTATAACATACGCC Ml6 gaibanJc,^ ] 
801 CATGCCCAGCACCACCGCCTATCCATTTATAACATACGCC A35/fibl6.seq 

829 ACTGAGACCCTAAATGAAGATTACATTTATGGAGAGTGTT geribarifc.sr . A 

B41 ACTGAGACCCTAAATGAAGATTACATT^ATGGAGAGTGTT Ad5/flbl6.ssq 

869 ACTACAAATCTACCAATGGAACTCTCTTTCCACTAAAAGT Adl6 gatadc.s*M 
881 ACTACAAATCTACCAATGGAACTCTCTTTCCACTAAAAGT M5/fibl6,secj 

909 TACTGTCACACTAAACAGACGTATGTTAGCTTCTGGAATG Adl6 gmbarik.se., 
921 TACTGTCACACTAAACAGACGTATGTTAGCTTCTG G AiAt G Ad5/fiW.6.seq; 

949 GCCTATGCTATGAATTTTTCATGGTCTCTAAATGCAGAGG Afll6 geribarik,Sp; 
9a GCCTATGCTATGAATTTTTCATGGTCT C T AAATGC AGAGG Ad5/f ii>16 , seq D 

989 AAGCCCCGGAAACTACCGAAGTCACTC TlC ATTACCTCCCC ML€ genbaiak.sf j 
3jJpL AAGCCCCGGAAACTACCGAAGTCACTCTCATTACCTCCCC M5/fiM6.seq ^ 

1&I9 CTTCTTTTTTTCTTA!TATCAGA G A A^G A|3S G A C T G A M16 geribank.sqfi 

1341 CTTCTTTTTTTCTTATATCAGA GAAGATG AC T G A Ad5/fibl6.seq! 

A ^ C C (\ !* \ «-' ' J 11 / ' ' ' '( I 

Decoration 'Decoration #!■: Bck residues that differ £m:MCI£ geribenk.seq-r i. y ». v j 
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Alignment Report of Untitled, using Oustaf method with PAM250 residue weight table, 

Thursday, November 19, 199B 1S:09 | 

1 K A K R A R L S sU S FN P VY P Y E DE S S S QH P Fil K MIS fiter protein Geritenk 
1 kQk R A rBsSdSf NPVYPYEDESSSQHPFilN ML6A fib protein 



30 PGPISSNGFAQSP 

30 PGFISSNGFAQSP 

60 PLQIKVGSSLTVD 

60 PLQLKVGSSLTVD 



DGVLTLKCVNPLT T A S G 
DGVLTLKCVNPliTTAjSG 

i 

ttdgsleenitaaapLt 
tidgsleekit aha plt 



ML6 f iter protein GenBank 
ActLfiA fib protein 

Adl6 fiber protein GenBank 
M16A fib protein 



90 KTNHSIGLLIGSGLQTKDDKLCLSLGDGLV Ad0.€ fiber protein GeriBarik 

90 KTNHSIGLLIGSGLQTKDDKLCLSLGDGLV Adl6A fib protein 

120 TKDDKLCLSLGDGL ITKMDVLCAKLGHGLV A(316 fiber protein GetlBarik 

120 TKDDKLCLSLGDGLITKNDVLCAKLGHGLV ML6A fib protein V 

■o;ii m I- v 

150 FDSSNAITIEBKT1WTGAKPSASCVI.REGE Adl6 f iter protein GenBank 

150 PDSSNAITIENNTLWTGAKPSAKCVIKBGE Adl6A fib protein 

s 180 DS P DCKL HVL VKNGGL INGYITLMGASEY Adl6 fiber protein GenBarik 

-§B0 DS PDCKLTL VLVKNGGL INGYITiMGASE Y Adl6A fib protein 

-210 TNTLFKNNQVTIDVNLAFDNT G Q 3\i$4fS -VA S?S Adl6 fiber protein GenBank 

.210 TNTLPKNNQVTIDVKLAFDNTGQ XJf_S- S fib PTOtein 

=2 * I] 0 H l? F V ;^ ? .i. — - * - m 

f240 LKSWLNPKDNQNMATGTITS A K G :P,p;>P^S^r^A i Adl6 -fiber protein GenBank 

(jflO LKSNLNFKDNQNMATGTITSAKGFMPSTTA M16A fib protein 

~S * "? T A I? ■ ^ ; — 

270 YPFITXATETLNEDYIYGEGY Y KS^Tr.2ff;<5jT^li^FAdl6 fiber protein GenBetik 

jJ70 YPF ITYATRTLNF.DYIYGECYYRSTNGTLF AdlfiA fib protein 
s , r a ?i H p t ,; ' * " ; " ' r 

f3b0 PLKVTVTLNRRMLASGMAYAMUF SiW^f^^ArE Adl6 fiber protein GsiBarik 

^|)0 PLKVTVTLNRKHLASGM&YAMNFSWSlNAE AdlfiA fib protein 

€io BAP6TTEVTLHSPFFFSYIRED dF7] - ; : . £ r Adl6 fiber protein GenBank 

230 EAPETTfcVTLITSPFFFSYIRED DLJ Adl6A fib protein 

Decoration 'Decoration #1* : Box: residues that differ frar^ the Consensus. 



